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Type 
Extenalon 
Driver 


Type 
Number 
HD44100R 
HD66100F 
HD61100A 
HD61200 


Power 
supply 
for 
2.7 to 5.5 
4.5 to 5.5 
4.5 to 5.5 
4.5 to 5.5 
internal 
circuits 
(V) 


Power 
supply 
for 
13 
6 
17 
17 


LCD driver 
circuits 
(V) 


Power 
5 
5 
5 
5 


dissipation 
(mW) 


Operating 
-20 
to +75. 


' 


-20 
to +75. 
' 


-20 
to +75. 
' 


-20 
to +75 


temperature 
("C) 


Memory 
ROM (bit) 


RAM (bit) 


LCD driver 
Common 
20 


Column 
40(20) 
80 
80 
80 


Instruction 
set 


Operation 
0.4 
2.5 
2.5 
frequency 
(MHZ) 


Duty 
Stalio-ll33 
Stalio-1/16 
Stalio-1/1oo 
1/32-1/128 


Package 
FP-60A 
FP-1oo 
FP-1oo 
FP-1oo 


Chip 


Type 
Column DrIv., 


Type Number 
HD66204 
HD66214T 
HD66224T 
HD66106 
HD66107T 
HD66110RT 


Power supply lor 
2.7 to 5.5 
2.7 to 5.5 
2.5 to 5.5 
4.5 to 5.5 
4.5 to 5.5 
2.7 tD5.5 
internal circuits (V) 


Power supply lor 
28 
28 
28 
37 
37 
40 
LCD dri_ 
circuits (V) 


Power 
15 
15 
15 
15 
25 
25 
dissipetion (mW) 


Operating 
-20 to +75" 
-20 to +75 
-20 to +75 
-20 to +75 
-20 to +75 
-20 to +75 
temperature (OC) 


MemOlY 
ROM (bit) 


RAM (bit) 


LCOdri_ 
Common 


Column 
80 
80 
80 
80 
160 
160 


Instruction set 


Operaton 
8 
8 
8MHzat5V 
6 
8 
12 MHz at5V 
frequency (MHz) 
6.5 MHzat3 
V 
10MHzat3V 


Duty 
1/64-1/240 
1/64-1/240 
1/64-1/240 
1/100-1/480 
1/100-1/480 
1/100-11480 


Package 
FP-l00 
TCP 
SLIM-TCP 
Fp-l00 
TCP 
SLIM-TCP 
TFP100 
TFP100 


Chip 
Chip 


*1 
-40 
to +80°C 
(special 
request). 
Please 
contact 
Hitachi 
agents. 


*2 
Under development 
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Type 
Column DrIve (within RAM) 
TFT Column DrIver 


Type Number 
HD44102CH 
HD61102 
HD61202 
HD66108T 
HD66300T 
HD66310T 
HD68330T 


Power supply for 
4.5105.5 
4.510 5.5 
4.5105.5 
2.7105.5 
4.5105.5 
4.5105.5 
4.5105.5 
Internal circuits (V) 


Power supply for 
11 
15.5 
17 
15 
15 
23 
5 
LCD driver circuits (V) 


Power 
5 
5 
5 
5 
160 
100 
100 
dissJpallon (mW) 


Operaling 
-2010 +75" 
-2010 +75 
-20 to +75" 
-2010+75 
-2010+75 
-2010 +75"3 -20 10+75 
lemperature eC) 
(-2010+60) 


Memory 
ROM (bil) 


RAM (bil) 
200 x 8 
512x8 
512x8 
165 x 65 


LCD driver 
Common 
D-$5 


Column 
50 
64 
64 
100-165 
120 
160 
192 


Instruction set 
6 
7 
7 
7 


Ope~on 
0.28 
0.4 
0.4 
4 
4.8 
12/15 
28 
frequency (MHz) 


Duty 
Stalio-1/32 
Slalio-1/64 
1/32-11128 
1/32,1134, 
1/36,1/48, 
1150,1164, 
1/66 


Package 
FP-80 
FP·1oo 
FP·1oo 
TCP 
TCP 
TCP 
SUM-TCP 
Chip 
TFP-1oo 
Chip 


Type 
Segment 
Display 


Type 
Number 
HD61602 
HD61603 
HD61604 
HD61605 


Power 
supply 
for 
2.7 10 5.5 
2.7105.5 
2.7105.5 
2.7105,5 
Internal 
circuits 
(V) 


Power supply 
for 
5 
5 
5 
5 
LCD driver 
circuits 
(V) 


Power 
0.5 
0.5 
0.5 
0.5 
dissipation 
(mW) 


Operating 
-2010+75" 
-2010+75" 
-2010+75" 
-2010+75" 
temperature 
(OC) 


Memory 
ROM (bit) 


RAM (bll) 
204 
64 
204 
64 


LCD driver 
Common 
4 
1 
4 
1 


Column 
51 
64 
51 
64 


Instruction 
set 
4 
4 
4 
4 


Operation 
0.52 
0.52 
0.52 
0.52 
frequency 
(MHz) 


Duty 
Static. 
112. 113. 1/4 
Stallc 
Static. 
112. 113. 1/4 
Static 


Package 
FP-80 
FP-80 
FP-80 
FP-80 
FP80A 


·1 
-40 
10 +80OC (special 
requesl). 
Please 
contacl 
Hitachi 
agents. 
·2 
Under development 


·3 
-20 
10 +75°C 
in 12 MHz version. 
-2010 
+65°C 
In 15 MHz version 


10 
HITACHI 
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Type 
Common Driver 
• 


Type Number 
HD44103CH 
HD44105H 
HD61103A 
HD61203 
HD66205 
HD66215T 
HD66115T 


Power supply for 
4.5105.5 
4.5105.5 
4.5105.5 
'4.5105.5 
2.7105.5 
2.5105.5 
2.5105.5 


inlernal circuits (V) 


Power supply for 
11 
11 
17 
17 
28 
28 
40 
lCD driver circuits (V) 


Power 
4.4 
4.4 
5 
5 
5 
5 
5 
dlssipalion (mW) 


Operaling 
-2010 +75" 
-2010 +75" 
-20 10+75" 
-2010 +75" 
-2010 +75" 
-2010 +75 
-2010+75 
lemperalure (OC) 


Memory 
ROM (bil) 


RAM (bit) 


lCD driver 
Common 
20 
32 
64 
64 
80 
1001101 
160 (80 + 80) 


Column 


Instruction set 


Operation 
2.5 
2.5 
0.1 
0.1 
2.5 
frequency (MHz) 


Duty 
118.1/12. 
118.1/12, 
Stalio-l110, 
1132-1/64 
1/64-11240 
1/64-11240 
1/10()-1/480 
1/16, 1124, 
1132,1/48 
1/64 


1132 


Package 
FP-60 
FP-60 
FP·l00 
FP·l00 
FP-l00 
SUM·TCP 
SlIM·TCP 


Chip 
TFP100 
TFP100 
Chip 
Chip 


Type 
Character 
Display 
Controller 


HD44780U 
HD66702R 
HD6671 0 
HD66712'2 
Type Number 
HD43160AH 
(LCD-II) 
(LCD-IIlE20) 
(LCD-IIIF8) 
(LCD-11JF12) 


Power supply 
for 
4.5 to 5.5 
2.7 to 5.5 
2.7 to 5.5 
2.7 to 5.5 
2.7 to 5.5 


Internal 
circuits 
(V) 


Power 
supply 
for 
11 
7 
13 
13 
LCD driver circuits 
(V) 


Power 
10 
2 
2 
2 
2 


dissipation 
(mW) 


Operating 
-20 
to +75 
-20 
to +75.1 
-20 
to +75" 
-20 
to +75" 
-20 
to +75 
temperature 
(OC) 


Memory 
ROM (bll) 
6420 
9920 
7200 
9600 
9600 


RAM (bit) 
8Ox8 
80 x8. 
64x8 
80x8,64x8 
80 x 8, 64 x 8. 
8Ox8.64x8 


8x8 
8x8 


lCDdrlver 
Common 
16 
16 
33 
33 


Column 
40 
100 
40 
60 


Instruction 
set 
6 
11 
11 
11 
11 


Operation 
0.25/0.375 
0.25 
0.25 
0.25 
0.25 
frequency 
(MHZ) 


Duty 
118. 1/12, 1/16 
1/8,1/11, 
1/16 
118,1/11.1/16 
1/17.1/33 
1/17, 1/338 


Package 
FP-54 
FP-80B 
FP-144A 
Fp·100A 
TCP 


TFp·80 
Chip 
TFP-1oo 
Chip 
Chip 


·1 
-40 
to +80°C 
(sP8Clal request). 
Please 
contact 
Hitachi 
agents. 


·2 
Under development 
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~ 
Graphic Display Controller 


HD83845F 
HD84845F 
HD61830 
HD61830B 
HD64848FS 
~Number 
LCDC 
LCDC 
LCTC 


Power supply for 
4.5 to 5.5 
4.5 to 5.5 
4.5 to 5.5 
internal circuits M 


Power supply for 
LCD driver circuits M 


Power 
30 
50 
50 
dissipation (mW) 


Operating 
-20 to +75 
-20 to +75"1 
-20 to +75 
temperature (OC) 


Memory 
ROM (bit) 
7360 
7360 


RAM (bit) 


LCD driver 
Common 


Column 


Instruction set 
12 
12 
15 


Operation 
1.1 
2.4 
10 
frequency (MHz) 


Duty 
Statie-1/128 
Statie-1/128 
Statie-1/512 


Package 
FP-60 
FP-60 
FP-80 
FP-80B 


"1 
-40 to +80°C (special request). Please contact Hitachi agents. 
"2 
Under development 


~ 
Low-Power 
LCD Chipset 


~Number 
HD86503 
HD66520 


Power supply for 
2.7-5.5 
2.7-5.5 


internal circuits M 


LCD driver circuits M 
28 
28 


Power 
0.5 
0.5 
dissipation (mW) 


Operating 
-20° to +75° 
-20° to +75° 
temperature ("C) 


Memory 
ROM (bit) 


RAM (bit) 
76800 


LCD driver 
Common 
240 


Column 
160 


Operation 
65 KHz 
65 KHz 
frequency (MHz) 


Duty 
1/120, 1/240 
1/120,1/240 


Package 
TCP 
TCP 


Type 


HD43160AH 


HD44100RFS 


HD44102CH 


HD44103CH 


HD44105H 


HD44780UAOOFSIOOTFI01 
FS/ 
02FSlUB**FSlTF 
LCD-II 


HD61100A 


HD61102RH 


HD61103A 


HD61200 


HD61202ITFIA 


HD61203ITFIA 


HD61602R1RH 


HD61603R 


HD61604R 


HD61605R 


HD61830AOOH 
LCDC 


HD61830BOOH 
LCDC 


HD63645F 
LCTC 


HD64645F 
LCTC 


HD64646FS 
LCTC 


HD66100F/FH 


HD66106FS 


HD66107TOO/01/11/12124/25 


HD66108TOO 


HD66110RTA8IRTBO/RTB11TA4 


HD66115TAO/1 


HD66204F/FLITFITFL 


HD66205F/FLlTFITFLlTA 
11TA2I 
TA3ITA6ITA7ITA9L 


HD66214TA1/213/6I9L 


HD66215TAO/1/2 


HD66224TA 
l/TA2ITBO 


HD66300TOO 


HD66310TOOIT0015 


HD66330TAO 


HD66503 


HD66520 


HD66702RAOOF/OOFU01 
F/02F/ 
RsooF/FL 
LCD-II/E20 


HD66710 


000Fa 
LCD-II/Fa 


HD66712 
LCD-II/F12 


Function 


LCD controller 


4D-channel 
LCD driver 


5D-channel 
column 
driver within 
RAM 


2D-channel 
common 
driver 


32~hannel 
common 
driver 


LCD controller/driver 
(8 x 2 character) 


aD-channel 
column 
driver 


64~hannel 
column 
driver within 
RAM 


64~hannel 
common 
driver 


aD-channel 
column 
driver 


64~hannel 
column 
driver within 
RAM 


64~hannel 
common 
driver 


Segment 
display 
type LCD driver 


Segment 
display 
type LCD driver 


Segment 
display 
type LCD driver 


Segment 
display 
type LCD driver 


LCD controller 


LCD controller 


LCD timing 
controller 
(68 family) 


LCD timing 
controller 
(80 family) 


LCD timing 
controller 
(80 family) 


8D-channel 
LCD driver 


8D-channel 
column/common 
driver 


160~hannel 
column/common 
driver 


165~hannel 
graphic 
LCD controller/driver 


160~hannel 
column 
driver 


160~hannel 
common 
driver 


aD-channel 
column 
driver 


aD-channel 
common 
driver 


aD-channel 
column 
driver 


100-channel 
common 
driver 


80~hannel 
column 
driver 


120-channel 
TFT analog 
column 
driver 


160-channel 
TFT digital 
column 
driver 
(a gray 
scale) 


192-channel 
TFT digital 
column 
driver 
(64 gray 
scale) 


240-channel 
row driver 
with 
internal 
LCD timing 
circuit 


160-channel 
4-level 
grayscale 
display 
column 
with 
internal 
bit-map 
RAM 


LCD controller/driver 
(20 x 2 character) 


LCD controller/driver 
(8 x 4 character) 


LCD controller/driver 
(12 x 4 character) 


Reference 
Pege 


199 


151 


489 


511 


519 


706 


722 


751 


737 


1027 


108a 


110a 


979 


• 
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Hitachi LCD Driver System 


Type 


TFT 
Full Color 
System 


sc•.•••• 
Size (max) 


(800x 3)x 520 
dots 


Uneup 


HD66310T(Drain) 
HD66330T(Drain) 
HD66205(Gate) 
HD66215T(Gate) 


Application 


Personal Com- 
puter 
Terminal Work- 


station 
Navigation Sys- 
tem 


Color 
lCD-TV 
System 


HD66300T(Drain) 
HD66205(Gate) 
HD66215T(Gate) 


Display 
System 
for CRT 
Compatible 


Graphic 
Display 
System 


Character 
80x16 
Graphic 
480x 128 dots 


HD63645/64645/ 
64646(Controller) 
HD66204(Columnl/ 
66205(Common) 
HD66224T(Column)/ 
HD66215T(Common) 
HD66106F(Driverl 


HD61100A(Columnl. 
HD618308(Controller) 
HD61200(Column) 
HD61103A(Commonl. 
HD61203(Common) 


Personal Com- 
puter. Word- 
processor. 
Ter- 


minal 


laptop Computer, 
Facsimile, Telex, 
Copy machine 


Graphic 
Display 
System 
(Bitmap) 


Character 
Display 
System 


Segment 
Display 
System 


an "061203'<_ 
Oo_'~ 


H061202 


ICoIumn0.-1 


"0447IOU'<~:;}jJ 
70"0 
I 
I 
~ 


HON100F1 
H044100H 
IColumm 0".,." 


40 
Charac- 
ters 
x2 Columns 
80 
Charac- 
ters 
x1 Column 


HD44102(Columnl/ 
61102(Column) 
HD44103(Commonl 
HD61202(Columnl 
HD44105(Common)/ 
61103A(Common) 
HD61203(Common) 
HD66108 
(Column)/Common) 


HD44780U(lCD-1i ) 
(Controller/Driver) 
(Controller/Driver) 
HD44 1OOR(Column) 
HD66100F(Column) 
HD66702(lCD-1i /E20) 
HD6671 O(lCD- II/F8) 
HD6671 2(LCD-1I/F12) 
HD61602 
ECR. Measure- 


(Controller/Driver) 
ment System. 


HD61604 
Telephone 
(Controller/Driver) 
Industrial 
Mea- 


HD61603 
surennentSystem 


(Controller/Driver) 
HD61605 
(Controller/Driver) 


laptop Computer. 
Handy Word- 
processor, Toy 


Electrical Type- 
writer. 
Multifunc- 


tion 
Telephone. 


Handy Terminal 


Controller/Driver 
I 


I 
1/480 
1/200 
Duty 1/240 
I 
1/128 
1/64 
1/100 


I HD61103A 


I HD61203 
I 


HD66205/ 
HD66215T ~I------_ 


'-I --H-D-6-6-10-6-F-- 
•...• 


HD66702 
(LCD-II/E20) 
I 
I 


HD61603 
HD66712 
HD61605 
(LCD-II/F12) 
, 
I 
HD61604 


HD66710 
HD61602 
(LCD-II/F8) 
HD44780U 
H 
I 
I (LCD-II) I 


I 
I 
1/32 
1/16 


I 
HD441 03 


HD44105 


I 
Common Driver I 
160 


Driver Output 


HD61202 
I 
I 


I 
I 
1/8 
1/16 
I 
1/32 


I 
fHD61100A 
80 


HD66204/HD66214T/HD66224TI 


I Column Driver I 


Column Driver 


(8uilt in RAM) 


I 
1/64 
1/128 
1/100 
I 
I 
1/200 
1/480 
Duty 1/240 


I 
HD66106F 
I 
I 
HD66107T/HD66110RT 
I 
I 


Application 


Character and Graphic Display 


1 character=7 X 8 dot (15 X 7 dot + cursor) 


CherlIc:ter 
8 
16 
I 
20 
24 
I 
32 
I 
40 
lover 
80 
Une 


1 
HD66100F 
2 


3 
HD44100R 
4 


6 to 8 
I 


12 to 15 
HD61200 (Column) + HD61203 
(Common) 


16 to 25 
HD66204 (Column) + HD66205 
(Common) 
HD66214T/HD66224T 
(Column) + HD66215T 
(Common) 


26 to 50 
HD66106F, 
HD66107T 
HD66110T (Column) + HD66115T 
(Common) 


HorizontIIl 
48 
I 
96 
I 
120 
I 
180 
I 
240 
I 
480 
Over 640 
Vertlcel 


16 


32 
HD61202 (Column) + HD61203 
(Common) 


48 


64 


128 
HD66204 (Column) + HD66205 
(Common) 
400 
HD66214T/HD66224T 
(Column) + HD66215T 
(Common) 
HD66106F, 
HD66107T 
Over 400 
HD66110T (Column) + HD66115T 
(Common) 


LCDdrivecircuits 
Powersupplyfor internallogic (V) 
Displayduty 
Package 


HD68100F 
80 
3 to 6 
Static to 1/16 
100 pin plastic QFP 


HD44100H 
20x2 
3 to 13 
Static to 1/33 
60 pin plastic QFP 


common 
column 
80 
static to 1/128 
o to 17 


Vcc to VEE 
(no limit) 


Displayduty 
Powersupplyfor LCDdrivecircuits (V) 
Powersupplylimitsof LCDdriver 
circuitvoltage 


80 
1/32 to 1/128 
8 to 17 
shown in figuresbelow 


Resistance 
between 
terminal Y and terminal 
V (one of V1L,V1R,V2L, V2R, V3L, V3R, V4L, 
and V4R) when 
load current 
flows through 
one of the 
terminals 
Y1 to Y80 is specified 


under the following conditions: 
Vcc-VEE=17V 
V1L=V1R, V3L=V3R=Vcc-2/7 
(VCC-VEE) 
V2L=V2R, V4L=V4R=VEE+2/7 
(VCC-VEE) 


The following is a des9Ilption 
of the range of 
power 
supply 
voltage 
for liquid crystal 
dis· 
play drives. Apply positive voltage 
to V1L= 
V1R and V3L=V3R and negative 
voltage 
to 


Vee 
------ 
VI 
(V1L=V1R) 


--- 
V3 (V3L=V3R) 


V4 (V4L~V4RI 


V2 (V2L=V2RI 
V" 
Correlation between 
Driver 
Output Waveform 
and Power 
supply Voltages for uQuid 
Crystal Display Drive 


V2L=;V2R and V4L=V4R within the Ii.~ran- 
ge. This range 
allows stable 
impedance 
on 
driver output 
(RoN).Notice the 
Ii.V depends 
on power supply voltage VCC-VEE. 


The Range of Power Supply 
Voltage for Uquid Crystal 
Display Drive 


B 
Vee-V" 
(V) 
Correlation between 
Power 
Supply Voltage Vee-V" 
and l;.V 
Figure 2 
Power Supply Voltage Range 


HITACHI 


LCD driver circuits 
common 
------------------------------ 
column 
Power supply for LCD drive circuits (V) 
Display duty 
Operating frequency (MHz) 
Data fetch method 
Package 


80 
3 to 6 
static to 1/16 
1.0 MHz (max) 
Shift 
100 pin Plastic 
OFP (FP-100) 


80 
5.5 to 17.0 
static to 1/128 
2.5 MHz (max) 
Latch 
100 pin plastic OFP 
(FP-100) 


HD61830 
Internal 
1.1 MHz 
static to 1/128 
64x240 dots 
(1/64 duty) 
pin 6:C 
pin 7:R 
pin 9:CPO 


@ 


HD61830B 
External 
2.4 MHz 
static to 1/128 
128 x 480 dots 
(1/64 duty) 
pin 6:CE 
pin 7:0E 
pin 9:NC 
® 


Oscillator 
Operating frequency (MHz) 
Display duty 
Programmable screen size (Max) 


® 


Figure 3 
Package Marking 
HITACHI 


Display duty 
Recommended voltage between 
Vee and V•• (V) 


Power supply limits of LCD driver 
circuits voltage 
Pin 88 


Absolute maximum rating of V•• (V) 


HD81102 
static to 1/64 
4.5 to 15.5 


HD81202 
1/32 to 1/64 
8 to 17 


shown in following 
fig- 
ures 
NC (no connection) 


Vec-19.0 
to 
Vcc+O.3 


DY (output) 


Vcc-17.O 
to 
Vcc+O.3 


Resistance between terminal Y and terminal V (one of V1 L. V1 R. V2L. V2R. V3L. V3R. V4L and V4R) 
when 
load current 
flows 
through 
one of the terminals 
Y1 to Y64 is specified 
under 
the following 
conditions: 


Vcc-VEE=15V 
V1L=V1R.V3L=V3R=Vcc-2/7 
(VCC-VEE) 
V2L=V2R. V4L=V4R=VEE+2/7 (VCC-VEE) 


V1L,V1R -----0 


V3L,V3R -----0 


V4L,V4R -----0 


Terminal 
Y 
(Y, to Y64) 


The following is a description of the range of 
power supply voltage for liquid crystal dis- 
play drives, Apply positive voltage to V1L= 
V1R and V3L=V3R and negative voltage to 


V2L=V2R and V4L=V4R within the tiV ran- 
ge. This range allows stable impedance 
on 
driver output (RON).Notice that tiV depends 
on power supply voltage VCC-VEE. 


The Range of Power Supply 
Voltage 
for Liquid Crystal 
Display Drive 
Vcc 
Vl 
(Vl L=Vl 
R) 
V3 (V3L=V3R) 
~ 
><l 
3 


V4 (V4L=V4R) 
V2 (V2L=V2R) 
V •• 
8 
Vcc-V 
•• (V) 
Correlation 
between 
Power 
Supply Voltage 
Vcc-V 
•• and l;.V 


Correlation 
between 
Driver 
Output 
Waveform 
and Power 
supply Voltages 
for Liquid 
Crystal 
Display 
Drive 


Recommended 
voltage 
between 


Vcc and VEE (V) 


Power 
supply 
limits 
of LCD drive 
circuits 
voltage 


Output 
terminal 


HD61103A 
4.5 to 17 
HD61203 
8 to 17 


Resistance between 
terminal Y and terminal 
V (one of V1L,V1R,V2L, V2R, V5L, V5R, V6L 
and V6R) when load current flows through 
one of the terminals Xl to X64. This value is 
specified under the following conditions: 


Vcc-VEE=17V 
V1L=V1R,V6L=V6R=Vcc-l/7 
(VCC-VEE) 


V2L=V2R, V5L=V5R=VEE+l/7 (VCC-VEE) 


V1L,V1R 
0 


V6L,V6R 
0 
Terminal V 


V5L,V5R 
0 
(V, to V64) 


V2L,V2R 


Here is a description 
of the range of power 
supply voltage for liquid crystal display drive. 
Apply postive voltage to V1L= V1Rand V6L= 
V6R and negative 
voltage to V2L= V2R and 


Vcc 
Vl 
(V1L,=V1R) 


V6 (V6L=V6R) 


------ 
V5 (V5L=V5R) 


V2 (V2L=V2R) 
VEE 


Figure 7 
Correlation between Driver 
OutputWaveformand Power 
Supply Voltages for Liquid 
CrystalDisplay Drive 


V5L=V5R within the t::.V range. 
This range allows stable impedance on driver 
output 
(RON).Notice that 
t::.V depends 
on 


power supply voltage Vcc- VEE. 


The Range of Power Supply 
Voltage for Uquid Crystal 
Display Drive 
3.5 ---~------------ 


~2------ 
> 
<J 


Figure 8 
Correlation between Power 
Supply Voltage Vcc-Vu and 
L:J.V 


~ 
PMOS 
-L::- 


Vll,V1R 


PMOS 
~ 
V6l,V6R' 


NMOS 
" 
V5l,V5R 
~ 
NMOS 


V" 
V2l,V2R 


Power supply (Voo) 
Instruction word 
LCD power supply circuit 
Segment terminals 
Display size 
Static 
frame frequency 
(fosc= 100kHz) 
1/2 duty 


HD81802 
2,2-5.5V 
HD81803 
2.2-5.5V 


8 bits x 2 
4 bits x 4 


Yes 
51 
64 
6 digits + 3 marks 
8 digits 
33Hz 
33Hz 
12 digits + 6 marks 
- 
65Hz 
17 digits 
208Hz 
25 digits + 4 marks 
- 
223Hz 


HD81804 
4.5-5.5V 


8bitsx2 


HD81805 
4.5-5.5V 


4 bits x 4 


51 
64 
6 digits + 3 marks 
8 digits 
98Hz 
98Hz 
12 digits + 6 marks 
- 
195Hz 
17 digits 
521 Hz 
25 digits + 4 marks 
- 
781Hz 


I•••.• 


Power supply voltage 


LCD-II 
(HD44780U) 
2.7 V-5.5 
V 


Uquid crystal drive 
voltage VLCD 


Maximum display 
digits per chip 
Segment display 
Displaye duty cycle 
CGROM 


8 characters 
x 2 lines 
None 
1/8,1/11, 
and 1/16 
9,920 bits 
(208: 5 x 8 dot 
characters and 
32: 5 x 10 dot 
characters) 
64 bytes 
80 bytes 
None 
40 
16 
A 
1 or 2 


CGRAM 
DDRAM 
SEGRAM 
Segment signals 
Common signals 
Uquid crystal drive waveform 
Number of displayed 
lines 
Low power mode 
Horizontal scroll 
CPU bus timing 


None 
Character unit 
2 MHz (5-V operation) 
1 MHz (3-V operation) 
QFP1420-80 
8D-pin bare chip 


Common fl 
n rfl n rIl 
!l..J~!LJ~ 
L 


: 
! 
I 
I 
I 
I 


Segment U1IlJlJ1JUlfl 


I 
I 


Common-segment 
~l 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,_ 
•• I 


I 
1 frame 
I 


Flgurel1 
WaveformA (1/3 Duty, 1/3 
Bias) 


LCD-II/20 
(HD88702) 


5 V±10 
% 
(standard) 


LCD-II/Fa 
(HD88710) 


2.7 V-5.5 
V 


2.7 V-5.5 V (low voltage) 
3.0 V to 7.0 V 
3.0 V to 13.0 V 


20 characters 
x 2 lines 
None 
1/8, 
1/11, 
and 1/16 
7,200 
bits 
(160: 5 x 7 dot 
characters and 
32: 5 x 10 dot 
characters) 
64 bytes 
80 bytes 
None 
100 
16 
8 
1 or 2 


None 
Character unit 
1 MHz 


LQFP202D-144 
144-pin bare chip 


16 characters x 2 lines/ 
8 characters x 4 lines 
40 segments 
1/17 and 1/33 
9,600 
bits 
(240: 5 x 8 dot 
characters) 


64 bytes 
80 bytes 
8 bytes 
40 
33 
B 
1,2, or 4 


Available 
Dot unit 
2 MHz (5-V operation) 
1 MHz (3-V operation) 
QFP142D-1oo 
1OO-pin bare chip 


III 
'4 
.:. 
..: 
: 
1 frame 
: 
1 frame 
: 


Flgure12 
Waveform B (1/3 Duty, 1/3 
Bias) 


Datainput 
(bit) 


Packge 


HD68204 
4 
100-pin plaslic QFP 
FP-1oo. 
TFP-100 
Die 


HD68214T 
4 


TCP 


HD68224T 
4/8 


TCP (8mm) 


LCD drive circuits 
Power supply for LCD drive circuits 
(V) 


HD888206 
80 


-10 to -28 (Vee -Vee ) 


HD68216T 


100/101 


-10 to -28 (Vee -Vee ) 


HD68116T 


160 


+ 14 to +40 (VLCo-GND) 


LCD drive circuits voltage 


Display Duty 


Operating frequency 
(MHz) 


Function 


HD68106F 


+ 14 to +35 
(VLco-GND) 


1/100 
to 1/400 
6.0 
MHz 


column and common 
driver 


LCD drive circuits 


Data transfer 


Operating frequency 
(MHz) 


Power supply for LCD drive circuits 


Packge 


HD68106F 
80 
4-bits 
6 
14 to 37 


1oo-pin 
plastic 
OFP (FP-1 OOA) 


HD68107T 
160 


4/8-bits 
8 
14 to 37 


TCP 


HD68204 


-10 to -28 (Vcc-Vee) 
1/64 to 1/200 
8 MHz 


column driver 


HD68110RT 
160 


4-bits/8-bits 
12 
28 to 40 
TCP (9mm) 


CPU interface 


Package 


HD83645F 


68 family 
80-pin 
plastic 
OFP (FP-80) 


HD64645F 


80 family 


80-pin 
plastic 
OFP (FP-80) 


HD64646FS 
80 family 


80-pin 
plastic 
OFP (FP-80A) 


HD64646 
has another 
LCD 
drive interface in HD64645 


The Hitachi LCD driver devices use plastic flat 
packages to reduce the size of the equipment in 
which they are incorporated and provide higher 


density mounting by utilizing the features of thin 
liquid crystal display elements. 
• 


lmlm~'· 
1.7tO.3 


Code 
FP-54 


EIAJ 


JEDEC 


25.6%0.4 
20 


Package Information 
• 


Code 
FP-60 


EIAJ 


JEDEC 


HD441 03, HD441 05, 
HD61830, 
HD61830B 
• 


Code 


EIAJ 


JEDEC 


FP-60A 


SC-582-F 


Package Information 
• 


Code 


EIAJ 
JEDEC 


HD61602. 
HD61603. 
HD61604, 
HD61605. 


HD63645. 
HD64645, 
HD44102 


014 


60 
41 


61 
.0 


\ 


[I 


80 
21 


T 


1 
20 


0.30tO.1 oJ.f+lO. 
131&1 
• 


Code 


EIAJ 
JEDEC 


U.8tO.' 
20 
• 


Code 


EIAJ 


JEDEC 


Code 


EIA.! 


JEDEC 


Package Information 
• 


Code 
FP-100 


EIAJ 


JEDEC 


HD61100A. 
HD61102. 
HD61103A. 
HD66204. 
HD66205, 


HD61200. 
HD61202. 
HD61203. 
HD66100F 


24.8t0.4 


20 


HD66106F. 
HD66710 


Code 


EIAJ 


JE.DEC 


Package Information 
• 


TFP-100 


1S.UO.3 


75 
51 • 


76 
50 


•••d 
+I 
"'! 


~ 


lit- 


100 
26 


25 


0.10 
1.l l 


% 
0.8 
0:! 
0-5·-1 


Code 


EIAJ 


JEDEC 


HD66204, 
HD66205, 
HD61202, 
HD61203 


Code 


EIAJ 


JEDEC 


• 


4J5iii•• 
iiiiiiiiiJ~-4,0-5 
0 


0.5 
O.stO.1 


Code 


EIAJ 


JEDEC 


FP-144A 


SC-596-A 


Semiconductor devices are easily damaged by 
static discharges, so they should be handled and 
mounted with the uttnost care. Precautions are 
discussed below. 


Low relative humidity facilitates the accumulation 
of static charge. Although surface mounting pack- 
age devices must be stored in a dry attnosphere to 
prevent 
moisture 
absorption, 
they 
should be 
handled and mounted in a work environment with 
a relative humidity of 50% or greater to prevent 
static buildup. 


1.2 Preventing Static Buildup in Handling 


1. Avoid the use of insulating materials that easily 
accumulate a static charge in workplaces where 
mounting operations are performed. In particu- 
lar, charged objects can induce charges in semi- 


conductors and fmished PC boards even without 
direct contact Recommended measures include 
the use of anti-static work gannents, conductive 
carrier boxes, and ionized air blowers. 


2. Ground all instruments, conveyors, work bench- 
es, floor mats, tools, and soldering irons to 
prevent the accumulation of static charges. Lay 
conductive mats (with a resistance on the order 
of 1()9 0 to 1011 0) on workbenches and floors 
and ground them. (See figure 1.) 


3. Personnel should wear grounding bracelets on 
their arms or legs. To prevent electric shocks, 
insert a resistor of 1 Mn or greater in series as 
shown in figure 2. 


4. If soldering irons are used, use low voltage 
(12 V to 24 V) soldering irons designed for use 
with semiconductors. Ground soldering iron tips 
as shown in figure 3. 


<D High resistance 
conductive 
mat (grounded) 
® Personal 
ground 
(bracelet) 


lID High resistance 
conductive 
mat (grounded) 


@ Humidifier 


<ID Anti-static 
work clothes 
® Anti-static 
shoes 


Notes on Mounting 


Semiconductors are not damaged by static charges 
on the package or chip itself. However, damage 
will occur if the lead frame contacts a metal object 
and the charge dissipates. Grounding the metal 
object does not help in this situation. 


1. Avoid contact or friction between semiconduc- 


tors and easily charged insulators. 


2. Avoid handling or working with semiconductors 


on metal surfaces. Semiconductors should be 
handled on grounded high resistance mats. 


3. If a semiconductor may be charged, do not 


allow that device to contact any metal objects. 


1. Grounded high resistance mats must be used 


when mounting semiconductors on PC boards. 
Ground mats before handling semiconductors. 
Particular caution is required following conduc- 
tivity testing, since capaciuxs on the PC board 
may retain a charge. 


2. PC boards can also acquire a static charge by 


contact, friction, or induction. Thke precautions 
to prevent discharge through contact with trans- 
port boxes or other metal objects during trans- 
portation. Such precautions include the use of 
anti-static bags or other techniques for isolating 
the PC boards. 


100VAO$ 
of m 


Soldering 
iron tip 


2. Precautions Prior to Reflow 
Soldering 


Surface mount packages 
that hold large chips are 
weaker 
than insertion 
mount packages. 
Since the 
whole package 
is heated during the reflow opera- 
tion, the characteristics 
described below should be 
considered 
when 
determining 
the handling 
used 
prior to reflow soldering and the conditions used in 
the reflow operation. 


2.1 Package Cracking Mechanism in Rellow 
Soldering 


Packages 
that have absorbed moisture are thought 
to crack due to the mechanism 
shown in figure 4. 
Moisture absorbed during storage diffuses through 
the interior of the package. When a package in this 
state is passed 
through 
the reflow 
furnace, 
that 
moisture 
rediffuses. 
Some of it escapes along the 
boundary 
between 
the resin and the frame. This 
can lead to boundary separation. As the pressure in 
this space increases the resin warps, finally result- 
ing in a crack. 


The Pick diffusion model can be used to calculate 
the diffusion of moisture in resin: 


ac (x, t) = D (t) a2C (x, t) 
at 
a2x2 


Notes on Mounting 


The volume of moisture 
absorbed by the package 
can be expressed as follows: 


The increase in internal pressure can be calculated 
from the moisture diffusion during reflow heating 
by using the C (x, t) function. 


Figure 5 shows the relationships 
between the maxi- 
mum stresses when packages 
of various moisture 
absorption 
states are heated, the adhesion strength 
between 
the resin and frame at various 
tempera- 
tures, and the strength of the resin itself. While this 
model 
indicates 
that 
cracks 
will 
result 
in 
this 
example 
when 
the 
moisture 
absorption 
ratio 
exceeds 0.2 wt% in a VPS (vapor phase soldering 
at 215°C) 
process, 
actual tests show that cracks 
result in packages with a moisture absorption ratio 
of 0.25 wt%. This indicates that the model is valid. 


Therefore 
moisture 
management 
should 
focus on 
the moisture content in the vicinity of the frame. 


Notes on Mounting 


r::=I 
~ 
~~ 
----------------~---- 
I~~flowl 


I 
Bou~ 
I 
separation 


~ 


• ~_D 
;Ie 
()t 
ar 
e: Package Internal molslU~ 
density 
0: Water diffusion coeffICient 


• 1 molHP 


-+ 22.4.tJlatm 


• pV. 
nRT 
Frame 


.0(T»fad(T) 
fad: Resin bonding strength 
0: 
Generated stress 


• Wmu-a 
at, 
P 
Eh 
a: Form coefficient 
E: Resin Young's modulus 
P: Intemal pressu~ 
a: Tab shorter dimension 
h: Thickness of the ~sin 
under the tab 


.o ••••->F(T) 


82 
0••••- BhZ P 


F (T): Resin strength 
p: 
Form coefficient 


10 
10 


rt. 
8 
. 
8 
f 


I 
VPS 
II 
i 
I 


.~ 
8 
I 
6 
1{ 
I 
r~ 
I (OlllXlSAT 
I 
.•~ 
~ .~ 
I 
"i c 
f~ 


4 
4 
i!-= 


MoislU~ 
f~' 
Fad 
absorption ratio 
.~ 
(85"<: 85%RH) 
j 


2 
~ 
___ 
0.3wt 
2 


0.2wt 


0 
--- 
0.1 wt 
0 
100 
150 
200 
250 


Figure 5 Temperature Dependence of Resin Adhesive Strength, 
Mechanical Strength, and Generated Stress 


Notes on Mounting 


Soldering temperature stipulations must be fol- 
lowed and the moisture absorption states of plastic 
packages must be carefully monitored to prevent 
degradation of the reliability of surface mount 
packages due to thermal shock. This section pre- 


3.1 Recommended Soldering Temperatures 


See table 1. 


Method 
Recommended 
Conditions 


Vapor-phase 
reflow 


215°C 


~ e 
't~ 
iiJ~&! 
1--1 
~~ 
" 
About60s 
CL. 


1 to 5°C/s 


Time 


Infrared 
reflow 
Hot-air reflow 
235°C, 
maximum 
5 
~~ 
iiJ~ 
It 
H 
lll- 
,\About60 
s 
CL. 


1 to 5°C/s 


Time 


Since TSOP, TQFP, and 
packages 
whose body 
thickness 
is less than 
1.5 mm are especially 
vulnerable 
to thermal 
shock, 


we recommend 
limiting the 
soldering 
conditions 
to 
a maximum 
temperature 
of 
230°C for a maximum 
time 
of 10 seconds 
for these 
packages. 


Notes on Mounting 


4. Moisture Absorption Prevention 
Conditions 


Plastic packages absorb moisture when stored in a 
high humidity. If devices are mounted using solder 
reflow techniques when they have absorbed mois- 
ture they are susceptible to reflow cracking. 
Products that are particularly susceptible to the 
influence of absorbed moisture are packed in 
moisture-proof packing. These products should be 
handled under the following conditions after 
opening the moisture-proofpacking. 


4.1 Storage and Handling after Opening 
Moisture-Proof Packing 


Storage temperature: 5°C to 30°C 


Storage humidity: 
Under 60% relative humidity 


TImebetween unpacking and reflow soldering: 


1. If 
specified on the label attached to the 
moisture-proof packing, or in the delivery 
specifications:follow those specifications. 


2. If not specified on the label attached to the 
moisture-proof packing or in the delivery speci- 
fications: 
perform 
reflow 
soldering 
within 
168 hours (one week) with the product stored 
under the conditions specified above. 


4.2 Baking 


4.2.1 Baking is Required in the Following 
Situations 


1. If the desiccant indicator has turned pink. 


2. If 
the storage period 
following unpacking 
exceeds the specificationsfor that period. 


1. TSOP and TQFP: 125°Cfor 4 hours 


2. Packages other than TSOP and TQFP: 125°C 
for 16hours to 24 hours 


3. If specified in the delivery specifications or 
other documentation,followthose specifications. 


Surface Mounting Package 
Han- 
dling Precautions 


1. Package temperature distribution 


The most common method used for mounting 
a surface mounting device is infrared reflow. 
Since the package is made of a black epoxy 
resin, the portion of the package 
directly 
exposed to the infrared heat 
source will 
absorb heat faster and thus rise in tempera- 
ture more quickly than other parts of the 
package unless precautions 
are taken. As 
shown in the example in figure 6,the surface 
directly facing the infrared heat source is 20' 
to 30'C higher than the leads being soldered 
and 40' to SO'Chigher than the bottom of the 
package. 
If soldering is performed 
under 
these conditions, package cracks may occur. 


To avoid this type of problem, it is recom- 
mended 
that 
an aluminum infrared 
heat 
shield be placed over the resin surface of the 
package. By using a 2-mm thick aluminum 
heat shield, the top and bottom surfaces of 
the resin can be held to 17S'Cwhen the peak 
temperature of the leads is 240'C. 


(Resin) 
Infrared rays 


~ 


&SUrface) 
C?"--J 


T3 
Tz 
T, 
(Solder) 


E 
~ 
200 
1 
E 
150 
J!l 


Temperature Prome During 
Infrared Heat Soldering 
(Example) 


Notes on Mounting 


The epoxy resin used in plastic packages will 
absorb moisture if stored in a high-humidity 
environment. 
If this 
moisture 
absorption 
becomes excessive, there 
will be 
sudden 
vaporization during soldering, causing the 
interface of the resin and lead frame to 
spread 
apart. 
In extreme 
cases, package 
cracks will occur. Therefore, especially for 
thin packages, it is important that moisture- 
proof storage be used. 
To remove any moisture absorbed 
during 
transportation, 
storage, 
or handling, 
it is 
recommended that the package be baked at 
12S'Cfor 16to 24 hours before soldering. 


One method of soldering electrical parts is 
the solder dip method, but compared to the 
reflow method, the rate of heat transmission 
is an order of magnitude higher. When this 
method is used with plastic items, there is 
thermal shock resulting in package cracks 
and 
a 
deterioration 
of moisture-resistant 
characteristics. Thus, it is recommended that 
the solder dip method not be used. 
Even with the reflow method, an excessive 
rate of heating or cooliJig is undesirable. A 
rate in temperature change of less than 4'C/ 
sec is recommended. 


It is recommended that a resin-based flux be 
used 
during 
soldering. Acid-based 
fluxes 
have a tendency of leaving an acid residue 
which adversely affects product reliability. 
Thus, acid-based fluxes should not be used. 
With resin-based fluxes as well, if a residue is 
left behind, the leads and other package 
parts will begin to corrode. Thus, the flux 
must be thoroughly washed away. If cleans- 
ing solvents used to wash away the flux are 
left on the package for an extended period of 
time, package markings may fade, so care 
must be taken. 


The precautions mentioned above are gen- 
eral points to be observed for reflow. How- 
ever, specific reflow conditions will depend 
on such factors as the package shape, printed 
circuit board type, reflow method, and device 
type. 


For details on surface mounting small thin 
packages, please consult the separate man- 
ual available on mounting. If there are any 
additional questions, please contact Hitachi, 
Ltd. 


The structure and materials used by Tape Carrier 
Package (TCP) give it the following features as 
compared with conventional packages: 


Thin, Lightweight, and Fine Pitch 


With thickness less than 1mm and fine-pitch leads, 
a reduced pad pitch on the device enables more 
functionality in a package of equivalent size. 
Specifically,these features enable: 


• 
Thin and high defInition LCM (Liquid Crystal 
display Module) 


The following can be tailored to the design of the 
system (e.g. mother board design): 


Thinness, ultra-high pin count, and fine pitch open 
up new possibilities of TCP applications for com- 
pact and highly functional systems. Figure 1 shows 
some applications of TCP-packaged chips. 


Personal computers; 
word processors 


CalQJlators and 
organizers 


Hitachi offers tape-carrier-packaged LCD drivers 
for LCD modules ranging from miniature to large 
sizes. Table 1 shows some examples of standard 
tape carrier packages for LCD drivers. Hitachi 
LCD drivers combine a device that can withstand 


high voltages and provide high definition with a 
tape carrier package that promises excellent relia- 
bility, making possible applications that would not 
be feasible with a conventional QFP. For material 
specifications of the products in table I, see 
table 3. 


Application 


TFT 


Drive 


Column 
only 


Signal 
Output 


Analog 


Product 
Code 


Appearance 


Total Pin 
Count 
(Output) 


Outer 
Lead 
Pitch 


Medium- 
size 
liquid 
crystal 


Column 
Digital 
and 
common 


Built-in controller 
(on-chip 
RAM) 


Large 
liquid 
crystal 


Column 
Digital 
and 
common 


Common 
Digital 
only 


, ~n;"I..o;J-~"• 
• 
• 
• 
• 
·. 
.'. 


Outer lead pitch: 
O.08-mm products 
are also available 


Large 
liquid 
crystal 


• 
• 
" 
. 


•• 
• 
• 
• 


Outer lead pitch: 
O.15-mm,O.18-mm, 
O.20-mm or O.25-mm 
products 
are also 
available. 


Large 
Column 
Digital 
liquid 
only 
crystal 


Large 
Column 
Digital 
liquid 
only 
crystal 


• 
• 
• • 
• 
• 
I,llltl 
IIIWI 


~ 
. 
~. 
. 
,. 
! 


Outer lead pitch: 
O.18-mm,O.20-mm, 
products 
are also 
available. 


Outer lead pitch: 
O.20-mm products 
are also available. 


TCP 
Material 
Specifications: 
Table 
2 
lists 
Hitachi TCP material specifications. Ask: us if you 
require other materials. In 
this case, use TCP 


Table 3 lists current material specifications 
for 
various Hitachi products. 


Specifications 


UPILEX~ S-type: thickness 75 ~m ±5 ~m 
KAPTON~ V-type: thickness 125 or 75 ~m ±5 ~m 


Toray #5900 


TOMOEGAWA E-type 


Rolled copper: thickness 35 or 25 ~m ±5 ~ 


Electro-deposited copper: thickness 35 or 25 ~m ±5 ~m 


Epoxy resin 


Tin 


Epoxy solder resist 


Item 


Base film 


Resin 


Outer lead plating 


Solder resist 


Table 3 
Material 
Specifications for Hitachi Products 


Outer Lead 
Product Code 
Application 
Ba.e Film 
Adhe.lve 
Copper Foil 
Plating 


HD66300TOO 
TFT 
KAPTON~V 
Toray #5900 
Rolled copper 
Tin 


HD66108TOO 
Large liquid 
KAPTON~V 
Toray #5900 
Rolled copper 
Tin 
crystal 


HD66110TA8 
Large liquid 
UPILEX~S 
TOMOEGAWA 
Electro-deposited 
Tin 
crystal 
E-type 
copper 


HD66205TA9L 
Large liquid 
UPILEX~S 
Toray #5900 
Rolled copper 
Tin 
crystal- 


HD66214TA9L 
Large liquid 
UPILEX~S 
Toray #5900 
Rolled copper 
Tin 
crystal 


HD66224TA1 
Large liquid 
UPILEX~S 
TOMOEGAWA 
Electro-deposited 
Tin 
crystal 
E-type 
copper 
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The properties of base mm are shown in table 4. 
Hitachi currently adopts UPILEX®S, which 
exhibits high rigidity and super dimensional 
stability with respect to temperature changes 
compared with conventional KAPTON®V. 


2. Copper foil (copper wiring) 


The properties of rolled foil and electro-deposit- 
ed foil are shown in table 5. Hitachi plans to 
adopt electro-deposited foil due to its excellent 
elongation properties at room temperature (RT) 
compared with conventional rolled foil. 


Properties 
of Materials: 
Properties of Hitachi 
TCP materials are as follows. 


Table 4 Properties of Base Film (See references 1 and 2, page 28) 


UPILEX~S 
(Ube Industries. Ltd.) 


0.8 


1.0 


Property 


Coefficient of 
linear expansion 
x 10-5/"C 


Tensile modules (kgf/mm2) 


KAPTON~V 
(0'1 Pont· Toray Co., Ltd.) 


To 100·C 


To200·C 


Property 


Tensile strength at RT 
(kgf/mm2) 


Elongation at RT 
(%) 


Tensile strength at 180·C 
Raw foil 
(kgf/mm2) 


Elongation at 1800C 
(%) 


Note: Data from film suppliers. 


Number of measured samples: 2 pieces each 
1 kgf/mm2 - 9.80665 MPa 


sampling 
Condition 


Rolled Foil 
(Hhachl Cable. Ltd.) 
CF·W5·15-LP 


43.0 


Electro·Deposlted 
Foil 
(Mhsul Mining & Smehlng Co., Ltd.) 
3EC-VLP 


54.9 


The 
relationship 
between 
peeling 
sn-ength 
(adhesive/electro-deposited foil) and lead width 
is shown in figure 2. Hitachi adopts the follow- 
ing two combinations because of their higher 


-Adhesive 
TOMOEGAWA E-type/electro- 


deposited foil 
- 
Adhesive Toray #5900/rolled 
foil 


10 
I 
8 8 
~ 


~ 
6 
~ 
~l 
4 


• 


40/40 
(80~m) 
60/60 
80180 
100/1 00 
(120 ~m) 
(160 ~m) 
(200 ~m) 


Line width/space 
(11m) 
(pattem pitch) 


Adhesive 
Copper foil 


A T?~EGAWA 
Electro-<leposlted 
E- 
011 
0 
Toray#5900 
Rolled foil 


o TOMOEGAWA 
Rolled foil 
E-type 


Measuring method: goo peel 


Measuring condltlon: 25°C 
Number of measured samples: 
Five p'leces are measured for each 
specification, 
and two leads are 
measured for each piece. 


Fine-Pitch Bump Formation 


Bumps are essential in TCP products; they are the 
foundation of TAB technology and have excellent 
corrosion resistance in their structure. When the 
current trend toward high-perfonnance chips with 
ultra-large pin-out 
began 
driving pad 
counts 


upward (and reducing pad pitch), Hitachi was 
quick to develop a volume production process for 
fonning fme-pitch bumps. 


Figure 3 shows the Hitachi TCP bump structure. 
Figure 4 shows a flowchart of the bump fonnation 
process. 


Notes: 1. UBM: Under Bump Metal 
2. Case of aQ-1UTl bump pitch 


TCP Tape: TCP tapes are purchased from tape 
manufacturers. In many cases, the quality of TCP 
products depends critically on the quality of the 
tape, so in addition to evaluating constituent mate- 
rials, Hitachi strictly controls the stability of the 
tape fabrication process. 


TCP Fabrication 
Process: The TCP fabrication 
process starts from wafers (or chips) with bumps, 
and a patterned tape. After being bonded by a high- 
precision inner lead bonder, the chips are sealed in 
resin. Figure 5 shows the standard fabrication pr0- 
cess for TCPs used in Hitachi LCOs. 


Inner Lead Bonding 


This sl&p bonds 
the bumps 
on the chips to the inner leads 
formed 
by 


patterning. 
Gang bonding 
has been adopl&d 
as a standard 
procedure 
at 
Hitachi. 


Sealing 


Chips 
are sealed 
in resin to ensure 
inner lead bonding 
strength. 


The standard 
bonding 
process 
employs 
a polling 
liquid resin which 


seals the chip. 


Packing 
Format: 
TCP products are packed in 
moisture-proof packages. A reel wound with TCP 
tape is sealed in an opaque antistatic sheet with Nz 
to protect the product from mechanical shock and 
then packed into a carton before delivery to ensure 


Labels which indicate the product name, quantity, 
and so on are placed on the reel, antistatic sheet, 
and carton. Figure 6 shows the TCP packing 
formal 


Lead 
tape 


Note: The lengths of the TCP tape, conductive 
tape, 
and 
separator 
may 
vary 
slightly 
depending on the quantity of the product on 
the tape. 
1. TCP tape - 
40 m 
2. Lead tape - 
2 +1/~.5 m added to both ends of 
theTCP 
3. Conductive tape - 
40 m 
4. Separator-40 
m 
5. Width of tape - 
35 mm 


Reel Specification: Figure 7 shows reel dimen- 
sions. 


For recycling purpose, we would appreciate it if 
you return the reel and separator to us after use. 


Units: mm 


Material: Styrene 


Dimensions without tolerance 


are design values. 


43-H 


TCP Winding Direction: Figure 8 shows one way 
of winding TCPs. The combination of two product 
directions when pulling it out from the reel and 
placement of the patterned face on either the front 
or back of the tape makes for four types of TCP 
winding directions. 


The winding direction is an essential specification 
which affects the chip punching machine and 
assembly equipment during the packaging process. 
As the wind direction differs according to the prod- 
uct, please check the delivery specification before 
usingTCP. 


Note 
Product direction (two types) 
x 


Patterned face on either front or back (two types) 


II 
Four types of TCP winding direction 


TCP Mounting Structure 
Basic Mounting Process 


'JYpicalexample of an LCM structure using TCPs 
See figure 10. 
is illustrated in figure 9. 
• 


An outline of LCM assembly 
process using TCPs 


is given in figure 11. 


Applies ACF on LCD glass panel 
by thennal 
pressing. 


Aligns the LCD panel and TCP 
patterns 
and temporarily 


connects 
them by low 


temperature 
and low pressure. 


Thermocompresses 
multiple 


TCPs to the LCD panel, which 
have been temporarily 
connected, 
by high temperature 


and high pressure 
either 


individually 
or all together. 


Joins output leads of TCPs and 
PCB pattems 
by soldering. 


low connection 
resistance 
and high thermosta- 


bility. 


Please select ACF depending 
on the type of appli- 


cation. 


Mounting 
TCPs on LCD Panels 
(See reference 
4, 


page 28): ACF is an adhesive film that can connect 
electrodes on an LCD glass panel with output leads 
ofTCPs. 
There are two types of ACFs: 


• 
One 
whose 
thennosetting 
and 
thennoplastic 
properties 
make 
handling 
easier 
(such 
as in 
repair) and reduces 
the stresses caused by tem- 
perature changes. 


An appropriate 
ACF thickness must be selected 
depending 
on the height. line width and space 
width of the circuit 
to be connected; 
a rough 
calculation 
fonnula 
for obtaining 
a propez ACF 
thickness is shown below. 


t,: 
ACF thickness 
after connection 
(2 lLm) 


T: 
Circuit height 


P: 
Pitch 


S,: 
Space width (top) 


S2: Space width (bottom) 
a: 
Correction 
value 
AC-6073, AC-61 03 - 
0.15T 
AC-7104, AC-7144- 
0.25T 


Incomplete 
filling can occur in the space if ACF thickness 
is too thin, while if too thick, connection 


reliability 
becomes 
pOor since conductive 
particles 
are not flattened 
out. It is necessary 
to select an 


appropriate 
ACF thickness. 
Some adjustment 
of ACF thickness 
can be controlled 
by bonding 
conditions 
(especially 
pressure). 


TCP 


2. Laminating and bonding conditions 


It is necessary to optimize bonding conditions 
according to ACF, TCP and glass panel specifi- 
cations. The bonding conditions adopted by 


ANISOLM® (Hitachi Chemical Co., Ltd.) are 
shown in table 6 for reference. Please detennine ' 
your optimum bonding conditions based on the 
following. 


Mixture of 


Item 
Unit 
thermosetting 
and 
thermosetting 
R.mark. 
thermoplastic 


Ae-6073 
Ae-6103 
AC-7104 
AC-7144 


Standard 
Min. pitch 
~ 
Resolution 
~~nel *1 


7 
~10 
~10 
~ 
14 
speclflca- 
Space 
JU11 mm 
70 
tions 
Thickness 
JU11 
22 
22.18 
25 
16 


Width 
mm 
3,2.5,2 
3,2.5,2 


Length 
m 
50 
50 


Color 
Transparent (gray) 
Transparent (gray) 


Core diameter 
mm 
18.5 
18.5 


Bonding 
Lamlnatlng 
Temperature 
·C 
SO to 100 
70 to 90 
Temperature on 
oonditions 
ANISOLt.f9 


Pressure 
MPa 
1 
1 


Time 
s 
5 
5 


Bonding 
Temperature 
·C 
170 to 190 
160 to lSO 
Temperature on 
ANISOLt.f9 


Pressure 
MPa· 
2 
2 
3 


Time 
s 
20 
20 


~~d~_ 


Silicone 
rubber (0.2 to 0.3mm) 
;;;;;;;;;;: 
< 
Teflon film (25 to ~) 
& ~~ 
.... 
mm 
~~ 
Adhes~e 
The~~~::~:O' 


Temperature 
after 5 see should be over 90% of final 
temperature 
(OC) 


Soldering Conditions: Solder TCPs on the PCB 
under the following conditions. If soldering tem- 
perature is low, solder may not melt However, if 
soldering temperature is too high, solder may not 
adequately spread over the leads owing to their 
oxidized surfaces, and/or the leads plating may 
become attached to the heating collet In the latter 


case, copper foil of leads may become exposed. 
Please determine adequate soldering conditions for 
mass production carefully. 


• 
Soldering temperature (at solder joint): 230 to 
260°C 
• 
Soldering time: 10seconds max. 
i 
230 to 260°C 


~ 
1: 
:2,j 
fil 
10 seconds (max.) 
1ii 
l!! 
~ 
~ 
E 
{!. 


Time (second) 
> 


Note 1: Temperature at solder joint is normally 30 to 500C lower than the heating collet tempera- 
ture. Soldering temperature has a great impact on the quality of the products. Operating 
conditions should therefore be specified after examining the temperature relationship 
between the tip of the heating collet and solderjoint. 


Footprint 
PCB 


Note 2: 
In case of soldering quad type TCPs. please fix the TCPs using vacuum colJets or equiva- 
lent to prevent base film warpage and circuit position misalignment 


~ 


Footprint 


PCB 
------------------------- 


Storage Restrictions 


1. Packed TcP products should be used within six 
months. 


2. TCP products removed from the antistatic sheet 
should be stored in Nz having a dew point of 
-30°C or lower. However, they should be used 
as soon as possible after removal, because sol- 
derability of leads plated with Sn or solder 
decreases with time. 


TCP products require the following care beyond 
what is required for non-TCP products. 


• 
Give 
special attention to 
ion-blow and 
grounding especially when removing TCP 
prodUctsfrom the reel, since they easily col- 
lect static electricity because of the base film. 
If TCP products become charged, discharge 
the electricity little by little using the ion- 
blow; rapid 
discharge may damage the 
devices. 


• 
Handle the product so that static electricity is 
not applied to outer leads. Depending on the 
equipment used, this may require taking 
proper anti-electrostatic discharge measures, 
such as not allowing the tapeguide to contact 
the outer leads. 


2. Outer lead coating 


Outer leads should be coated with resin or other 


appropriate materials to prevent short-circuits 
and disconnections due to corrosion. Conduc- 
tive foreign particles can easily cause short- 
circuits since lead spacing for TCP products is 
much narrower than that for non-TCP products. 
Disconnections from corrosion can also easily 
occur due to solder flux or similar materials 
adhering to leads while mounting the products 
on a board. This is because TCP product leads 
are formed by bonding very thin copper foil to 
the base film in order to attain high-density 
mounting. 


3. To prevent electric breakdown when mounting 
TCP products on a board, do not allow any elec- 
trical contact with the die's bottom surface. 
These types of failures easily occur since TCP 
products have a bare Si monocrystal on the die's 
bottom surface in order to make the product as 
thin as possible. 


To prevent degradation of electrical characteris- 
tics, do not expose TCP products to sunlight 


Mechanical Handling 


1. To prevent die cracks when mounting TCP 
products on a board, do not allow any physical 
contact with the die's bottom surface. These 
types of failures easily occur since TCP prod- 
ucts have a bare Si monocrystal on the die's bot- 
tom surface in order to make the product as thin 
as possible. 


2. Handle TCP products carefully to avoid bending 
the leads from base film transformation. 


3. Do not bend TCP products since this may cause 
cracks in the solder resist 


4. Punching 


Punching the continuous base film to extract 
single TCP products requires the following care. 


• 
Align each product correctly according to 
tape perforations (sprocket holes). 


Use a metal punching die with pressing 
installation to prevent resin 
cracks and 
reduce cutting stresses in the outer leads. 
(Refer to figure 13.) 


• 
Determine the punching position so that the 
cutting edge does not touch the molding area 
based on the relationship between maximum 
molding area (specified in the design draw- 
ing) and the punching die accuracy. 


Punch TCP products in the section where outer 
leads are straight (not slanted) to prevent short- 
circuits caused by conductive particles. (Refer 
to figure 14.) 


Punching die without 
pressing installation 
Punching die with 
pressing installation 


Pressing installation 


Tis: 
TCP-iT= 
n 


5. Mounting structure 


Copper foil can easily break even from a small 
physical stress because of its thinness needed to 
accommodate 
fine 
patterns. 
Large 
stresses 
should therefore not be applied to the copper 
foil when mounting TCP products on a board. 


When the edges of a die and a PCB are 
aligned, resin cracks may occur due to bend- 
ing stresses. To avoid this problem, locate the 
board closer to the LCD panel so that it can 
support the molded part of the package. 
(Refer to figure 15) 


LCM consists of glass, TCPs and a glass- 
epoxy substrate having their respective coef- 
ficients of thermal expansion (erE). This 
difference in expansion effects may cause 
"thermal stresses" that especially concentrate 
in TCPs. The joining structure of LCMs is 
roughly shown in figure 16. Before begin- 
ning mass production, investigate and deter- 
mine a joining structure that reduces thermal 
stresses so as to prevent contact and other 
defects from occurring. 


LCM is composed of 
various materials having 
their respective CTEs. 


Correction 
or ITO (Indium 
TIn Oxide) Electrode 
Pitch: 
TCP 
products 
expand 
by 
absorbing 
moisture or heat during storage and assembly. 
Pitch correction for the lTO electrode should be 
performed based on the TCP dimensions after it is 
mounted on a conductive film. However, if !TO 
pitch correction is performed based on TCP dimen- 
sions before mounting, it must be based on data 
measured after removing TCP products from the 
package and storing at a temperature of 20 to 25°C 
and a humidity of 50 to 70% RH for 48 hours. 


Correct the !TO electrode pitch depending on the 
bonding equipment and conditions used. 


TCP 


1. Do not heat the lead tape and separator; they 
have poor heat-resistivity and will expand. 


2. Do not subject TCPs to high temperature for a 
long period of time while cleaning or other 
operations; copper foil may peel off due to the 
rapid deterioration of adhesion between the cop- 
per foil and base film. 


3. Carrier tapes have some waviness that may 
cause 
problems 
in 
tape 
transport. 
Use 
a 
tapeguide or equivalent to secure the tape. 


18.75 
t 
+ 


+0.15 


18.74 
Output dimension 
after TCP is joined to ACF 


1 
r 


+0.10 


18.73 
I 


+0.05 
~ 


18.72 
~ 
j 


CD 
0 
~ 


18.71 
~ 
() 
" 
iil 
1 


~.05 
c 
~ 


18.70 
c 
~ 


Measured 
S8/11)Ie: HD66214TA7 (Base film: 75 jUll UPIL.E~ S) 
~.10 
c 


18.69 
Number of measured 
salJ1)les: 5 pieces 
Storage 
conditions: 
25 ±SOC. 50 to 6O%RH 


18.68 
1 
50 
100 200 
Before sealing 
Immedlatel~ 
in a carton 
after unsea Ing 
Storage 
time (hours) 


The 
"'Thpe Carrier 
Package 
WIG" 
in 
the 
Semiconductor External Standards Committee of 
the EW 
(Electronics Industries Association of 
Japan) has standardized TCPs having leads on four 
sides (EIAJ ED-743I('93.4». 
The standardization 
WIG, which is composed of various semiconductor 
manufacturers including Hitachi, tape manufactur- 
ers, and socket manufacturers, is taking a compre- 
hensive approach. 


EIAJ has adopted metric control standard against 
JEDEC·'s inch control standards (UO-OI7)and has 
determined standards based on the following two 
items: 


• Fixed package size, variable terminal pitch 


Accordingly, users can share the socket by decid- 
ing the width of tape and the test pad pitch. As 
JEDEC has already agreed to the metric-control 
TCP (UO-018), Hitachi is now making efforts to 
produce metric-control TCPs. 


The basic concept of TCP having leads on four 
sides by EIAJ is shown below. Standardization of 
TCP having leads on two sides is also under dis- 
cussion. 


Note: • JEDEC: 
Joint Electronic Device Engineering 
Council. 


Quad Tape Carrier Package (QTP) 
EIAJ ED-7431 


1. Tape width: 35, 48, 70 mm 


2. Package size: 35 mm 14 x 14,16 x 16, 18 x 18, 20 x 20 
48 mm 16 x 16, 20 x 20, 24 x 24, 26 x 26, 28 x 28 
70 mm 24 x 24, 28 x 28, 32 x 32, 36 x 36, 40 x 40 


3. Test pad pitch: 0.5, 0.4, 0.3, 0.25 mm 


4. Outer lead pitch: 0.5, 0.4, 0.3, 0.25, 0.2, 0.15 mm 


5. Sprocket-hole type: 35 mm 
Super 
48 mm wide, Super 
70 mm wide, Super 


6. Number of test pads: Fixed maximum number of test pads, regardless of the outer lead 
count. 
For 35-mm tape: 196for 0.5 pitch; 244 for 0.4 pitch. 


Area 


USA 


Address 


Hitachi Chemical 
Co., America, 
Ltd. 
4 International 
Drive, Rye Brook, 
NY 10573, U.S.A. 


Hitachi Chemical 
Europe Gm bH. 


Immermmstr. 
43, 0-4000 
DUsseldorf 
1, F. R. Germany 


Hitachi Chemical 
Asia-Pacific 
Pte, Ltd. 


51 Bras Basah Road, #08-04 
Plaza By The Park, Singapore 
0718 


Hitachi Chemical 
Taipei Office 
Room No. 1406, Chia Hsim Bldg., 
No. 96, Sec. 2, Chung Shang Road N, 
Taipei, Taiwan 


Hitachi Chemical 
Beijing Office 
Room No. 1207, Beijing Fortune 
Building, 
5 Dong, San Huan Bei-Lu, Chao Yang 
District, 
Beijing, China 


Hitachi Chemical 
Co. (Hong Kong) Ltd. 


Room 912, Houston 
Centre, 
63 Mady Road, 
Tsimshatsui 
East, Kowloon, 
Hong Kong 


Tel No. 


(914) 934-2424 


Fax No. 


(914) 934-8991 


(2) 581-3632, 
(2) 521-7509 
(2) 561-3810 


TCP 


Manufacturer: 
Matsushita 
Electric 
Industrial 
Co., Ltd. 


Area 
Address 
Tel No. 
Fax No. 


USA 
Panasonic 
Factory Automation 
(708) 452·2500 


(Illinois) 
Company 


Deutschland 
Panasonic 
Factory Automation 
(040) 8549-2628 
Deutchland 


Asia 
Matsushita 
(0552) 75-6222 


(Japan) 
Manufacturing 
Equipment 
D. 


Manufacturer: 
Shinkawa Co., Ltd. 


Area 
Address 
Tel No. 
Fax No. 


U.S.A. 
MARUBENIINTERNATIONAL 
408-727-8447 
408·727·8370 
ELECTRONICS 
CORP. U.S.A. 
3285 Scott Blvd, Santa Clara, 
CA. 95054 


Singapore, 
MARUBENIINTERNATIONAL 
741-2300 
741·4870 


Malaysia, 
ELECTRONICS 
CORP. SINGAPORE 


Thalland 
18 Tannery Lane #06-01102, 
Lian Teng Building, 
SGB 1334 


Korea, 
MARUBENI 
HYTECH 
CORP. 
(03)·3817·4952 
(03)-3817·4959 


Hong Kong, 
Japan 
China, 
20-22, Koishikawa 
4-ehome, 
Talwan, 
Bunkyo-ku, 
Tokyo 112, Japan 
Philippine, 
Brazil 


Europe 
MARUBENIINTERNATIONAL 
0211-4376-00 
0211·4332·85 
ELECTRONICS 
EUROPE 
GMBH 


Niederrhein 
STR, 42 4000 


Dusseldorf 
30 Federal 
Republic 
of Germany 


TCP 


Manufacturer: 
Kyushu 
Matsushita 
Electric 
Co., Ltd. 


Area 
Address 
Tel No. 
Fax No. 


CHICAGO 
1240 Landmeier 
Rd. 
(708) 822-7262 
(708) 952-8079 
Elk Grove Village, 
IL 60007 


ATLANTA 
1080 Holcomb 
Bridge Rd. 
(404) 906-1515 
(404) 998-9830 
Building 
100, Suite 300 
Roswell, 
Georgia 
30076 


San Jose 
177 Bovet Road, Suite 600 
(415) 608-0317 
(415) 341-1395 
San Mateo, CA 99402 


LONDON 
2381246 King Street, London W6 ORF 
(081) 748-2447 
(081) 846-9580 
United Kingdom 


SINGAPORE 
1 Scotts Road, #21-10/13 
Shaw Centre 
7387681 
7325238 
Singapore 
0922 


SEOUL 
2ND Floor, Donghwa 
Bldg. 
(02) 571-2911 
(02) 571-2910 
454-5, Dokok-1 
Dong, Kangnam-Ku, 
Seoul, Korea 


TAIWAN 
6TH, FL., 360, FU HSING 
1ST ROAD, 
(03) 328-7070 
(03) 328-7080 
KWEISHAN, 
TAOYUAN 
HSIEN, 
(03) 328-7090 
TAIWAN 


MALAYSIA 
KUALALUMPUR 
BRANCH 
(03) 291-0066 
(03) 291-8002 
8TH FLOOR, 
WISMA 
LEE RUBBER, 
JAPAN MELAKA, 
50100 
KUALALUMPUR 


BANGKOK 
20TH FL., Thaniya 
Plaza Bldg, 52 
(02) 231-2345 
(02) 231-2342 
SHom Road, Bangrak, 
BANGKOK, 
10500 THAILAND 


Manufacturer: 
Japan Abionis 
Co., Ltd. 


Area 
Address 
Tel No. 
Fax No. 


Worldwide 
Overseas 
Department 
81-3-3501-7358 
81-3-3504-2829 
Contact: 
Mr. K. Asami, or Mr. K. Ito 


TCP Tape Manufacturers 


Manufacturer: 
Hitachi 
Cable Ltd. 


Address 


HITACHI CABLE AMERICA 
INC. 


HITACHI CABLE 
INTERNATIONAL, 
LTD. (LONDON) 


HITACHI 
CABLE 
INTERNATIONAL, 
LTD (SINGAPORE) 


HITACHI 
CABLE 
INTERNATIONAL, 
LTD (HONG KONG) 


Tel No. 


1-914-993-0991 


001-44-71-439-7223 


Fax No. 


001-1-914-993-0997 


001-44-71-494-1956 


Area 


U.S.A. 


Europe 


Area 
Address 
Tel No. 
Fax No. 


U.S.A. 
MITSUI MINING 
AND 
212-679-9300 
to 2 
212-679-9303 
SMELTING 
CO. (USA) INC. 


Europe 
MITSUI MINING 
AND 
71-405-7717 
to 8 
71-405-0227 
SMELTING 
CO., LTD. 
London Office 


Asia 
MITSUI 
MINING AND 
03-3246-8079 
03-3246-8063 
SMELTING 
CO., LTD. 


MICROCIRCUIT 
DIVISION 


Manufacturer: 
Shindo Company 
Ltd. 


Area 
Address 
Tel No. 
Fax No. 


U.S.A. 
SHINDO 
COMPANY 
LTD., 
408-435-0808 
408-435-0809 
U.S. BRANCH 
OFFICE 
2635 NORTH 
FIRST ST., STE. 124 
SAN JOSE, 
CA 95134 U.S.A. 


Aeolotropy Conductive Film Manufacturers 


Manufacturer: 
Hitachi Chemical Co., Ltd. 


Area 


USA 


Address 


Hitachi Chemical 
Co., America, 
Ltd. 
4 International 
Drive, Rye Brook, 
NY 10573, U.S.A. 


Hitachi Chemical 
Europe GmbH. 
Immermannstr. 
43, 0-4000 
DUsseldorf 
1, F. R. Germany 


Hitachi Chemical 
Asia-Pacific 
Pte, Ltd. 
51 Bras Basah Road, #08-04 
Plaza By The Park, Singapore 
0718 


Hitachi Chemical 
Taipei Office 
Room No. 1406, Chia Hsin Bldg., 
No. 96, Sec. 2, Chung Shang Road N, 
Taipei, Taiwan 


Hitachi Chemical 
Beijing Office 
Room No. 1207, Beijing Fortune 
Building, 
5 Dong, San Huan Bei-Lu, Chao Yang 
District, 
Beijing, China 


Hitachi Chemical 
Co. (Hong Kong) Ltd. 
Room 912, Houston 
Centre, 
63 Mady Road, 
Tsimshatsui 
East, Kowloon, 
Hong Kong 


Tel No. 


(914) 934-2424 


Fax No. 


(914) 934-8991 


(2) 581-3632, 
(2) 521-7509 
(2) 561-3810 


Southeast 
Asia 


Address 


SONY CHEMICALS 
CORPORATION 
OF AMERICA 


SONY CHEMICALS 
EUROPE 
B.V. 


SONY CHEMICALS 
SINGAPORE 
PTE LTD. 


Tel No. 
Fax No. 


1-(708) 616-0070 
1-(708) 616-0073 


1. 
KAPTON~ 
V Catalog 


2. 
UPILEX~ 
S Catalog 


3. 
Electro-<leposited 
Foil Comparison 
List 


Du Pont-Toray 
Co., Ltd. 


Ube Industries, 
Ltd. 


Mitsui Mining Smelting 
Co., Ltd. 


Electronic 
Devices Group 


Hitachi Chemical 
Co., Ltd. 


1992.7.21 
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Table 7 
Hitachi Standard 
TCP Product 
Specifications 
s:~ - •. n 
2 or 
UeerPd8m 
n n 
"'t'l 
_.... - =" 
••• 
W1dlII 
::s 
= 
OUlputUed 
OUlputUed 
InputUed 
InputUed 
•••••• 
~§ 
No. 01 
Pltcll 
Ungth 
PItclI 
Ungth 
InputUed 
X 
Y 
IlMlel WIdtll 
PIoduct 
T..,. 
;: en 
No, 
PIocIuet 
FunctIon 
0Utpu! 
(eml 
1"""1 
!e"'l 
1"""1 
Arranp.1 
1"""1 
Imml 
Imml 
!.H",·2 
.......,., 
Platln, 
or 


1 
HDe8107T00 
LCOdriwr 
180 
280 
2.5 
800 
2.0 
A 
5O.l!ll 
20.25 
48.80 
12 
K 
Sn 
(i'~ 
=Q, 


2 
HDe8107TOl 
LCOdriwr 
80 
280 
2.5 
800 
2.0 
A 
32.00 
20.25 
28.00 
12 
K 
Sn 
-..I ~, 
Cl) 


HDe8107Tll 
LCOdriwr 
180 
180 
3.3 
800 
2.5 
A 
32.42 
20.00 
31.80 
8 
K 
Sn 
S' Ii' 
••• 
3 
Q, 


4 
HDe8107T12 
LCOdriwr 
180 
250 
3.3 
800 
2.5 
A 
43.50 
20.00 
42.40 
10 
K 
Sn 
a g- 
-3 
5 
HDe8107T24 
LCDdriwr 
180 
180 
3.3 
800 
2.5 
A 
32.52 
20.00 
31.80 
8 
U 
Sn 
~ 
n 
8 
HDe8107T25 
LCOdriwr 
80 
280 
2.5 
800 
2.0 
A 
32.00 
20.25 
28.00 
8 
K 
Sn 
~l 


~ 


7 
HDe8108Too 
LCDdriwr 
185 
400 
2.0 
400 
2.0 
C 
8 
K 
Sn 
~ 


8 
HDe8300Too 
TFT ln8log drive< 
120 
300 
U 
800 
3.0 
A 
48.00 
21.50 
48.20 
10 
K 
Sn 
:!l 
8- 
9 
HD88310Too 
TFT 81ew1 9raY••••• 
180 
180 
3.0 
850 
2.5 
A 
33.40 
21.00 
31.95 
8 
K 
Sn 
lQ 
= 
10 
HD8833OTAO TFT 64 Iewl 9ray..... 
192 
180 
3.5 
850 
1.5 
A 
35.30 
11.70 
33.80 
4 
U 
Sn 
n- 
11 
HDe8214TAl 
Column LCDdriwr 
80 
150 
3.0 
800 
2.2 
A 
15.75 
10.50 
13.80 
3 
U 
Sn 


12 
HDe8214TA2 Column LCDdriwr 
80 
180 
3.0 
800 
2.2 
A 
18.30 
10.50 
18.40 
3 
U 
Sn 
60]. 


J: 
13 
HDe8214TA3 Column LCDdriwr 
80 
200 
2.5 
800 
2.2 
A 
20.00 
9.80 
19.80 
3 
U 
Sn 


14 
HDe8214TAB Column LCDdriwr 
80 
200 
2.3 
450 
2.0 
B 
22.70 
8.00 
22.50 
3 
U 
Sn 
6= 


~ 


15 
HDe8214TAlIl. Column LCDdriwr 
80 
220 
2.3 
450 
1.8 
B 
22.70 
8.00 
22.50 
2 
U 
Sn 
voC'l 
ofn 
16 
HDe8205TAl 
Common LCDdriwr 
80 
150 
3.0 
800 
2.0 
A 
15.75 
14.70 
13.40 
4 
U 
Sn 
0 
17 
HDe8205TA2 Common LCDdriwr 
80 
180 
2.9 
800 
2.0 
A 
18.30 
14.70 
16.40 
4 
U 
Sn 
J: 
'" 
18 
HDe8205TA3 Common LCDdriwr 
80 
200 
3.0 
800 
2.0 
A 
20.00 
14.70 
17.80 
4 
U 
Sn 
g 
- 19 
HDe8205TAB Common LCDdriwr 
80 
220 
2.8 
700 
1.8 
B 
22.70 
12.50 
18.20 
4 
U 
Sn 
~ 
20 
HDe8205TA7 Common LCOdriwr 
80 
250 
2.8 
700 
1.8 
B 
24.25 
12.50 
18.20 
4 
U 
Sn 
g- 
21 
HDe8205TAlIl. Common LCDdriwr 
80 
220 
2.8 
700 
1.8 
B 
22.70 
12.50 
18.20 
3 
U 
Sn 
'" 
22 
HDe8224TAl 
Column LCDdriwr 
80 
210 
3.2 
800 
1.2 
A 
20.30 
8.20 
18.00 
2 
U 
Sn 
~ 
23 
HDe8224TA2 Column LCDdriwr 
80 
200 
3.3 
780 
1.3 
A 
18.40 
9.00 
17.80 
3 
U 
Sn 


24 
HDe8224TBO Column LCDdriver 
80 
200 
2.5 
850 
1.5 
A 
18.20 
7.80 
17.40 
2 
U 
Sn 
~ 
25 
HDe8215TAO Common LCOdriver 
100 
230 
2.0 
1200 
1.7 
A 
25.80 
11.80 
24.40 
3 
U 
Sn 
0 
26 
HDe8215TAl 
Common LCOdriver 
101 
220 
3.0 
1000 
1.8 
A 
25.00 
10.80 
24.40 
3 
U 
Sn 
..•. 


27 
HDe8215TA2 Common LCDdriwr 
100 
180 
4.0 
850 
1.5 
A 
20.40 
11.40 
19.80 
3 
U 
Sn 
~ 
26 
HDe8110TM 
Column LCDdriwr 
180 
80 
2.8 
500 
1.5 
A 
15.80 
9.86 
15.00 
4 
U 
Sn 
::r 


29 
HDe8110RTABColumn LCDdriwr 
180 
140 
3.2 
800 
2.0 
A 
25.00 
10.85 
15.00 
4 
U 
Sn 
Q 
30 
HDe8110RTB0 Column LCDdriwr 
160 
92 
3.8 
500 
2.0 
A 
15.80 
11.80 
15.10 
4 
U 
Sn 


31 
HDe8110RTBl Column LCDdriwr 
180 
92 
2.4 
500 
1.2 
A 
15.80 
9.00 
15.10 
4 
U 
Sn 
I 
32 
HDe8115TAO Common LCOdriwr 
180 
180 
3.0 
800 
2.0 
A 
32.40 
11.00 
31 
3 
U 
Sn 


33 
HDe8115TAl 
Common LCOdrMr 
180 
250 
4.2 
800 
2.0 
A 
44.00 
13.70 
4U 
4 
U 
Sn 
l"" 
Noteo: 1. I,.,.. lead .range: 
A• SIr.;ght. B • Divided, C • DIrections 
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COB (chip on board) and COG (chip on glass) 
products fonn only a small percentage of the thin 
fonn and miniature mounting products shipped. 
However, these products, which are referred to 
here as "chip shipment products", involve shipping 
unmounted chips from the factory. 


Since chip shipment products are treated as semi- 
fmished 
products, 
there 
will 
be 
differences 
between their quality guarantee ranges and electri- 
cal characteristics items and those published for the 
packaged (i.e., complete) products. The differences 
in the quality guarantee ranges, electrical charac- 
teristics items, and visual inspection are described 
in the CAS (customer approval specifications). 
Product functionality and operation is completely 
identical to the complete (packaged)product. 


This section describes the standard shipment speci- 
fications for chip shipment products. The actual 
shipment stipulations will be those mentioned or 
stipulated in the CAS for the individual products. 


1. Electrical Characteristics and 
Quality Level 


As mentioned above, the quality guarantee ranges 
and electrical characteristics for chip shipment 
products differ from those for standard products. 
Refer to the CAS for the individual products for 
specific details. 


The electrical characteristics for chip shipment 
products 
are 
guaranteed 
at 
the 
single point 
T. = 75°C. 


Electrical characteristics: AQL 4.0% 
Visual inspection: 
AQL 4.0% 


(The specific details for visual inspection and other 
items are contained in the CAS.) 


Delivery unit counts (lot size) range from a mini- 
mum of 100units to 10,000units. 


Trays are vacuum packed and sealed with up to 24 
trays in a single pack. All the chip products in a 
given pack will be from the same production lot 
Figure 1 shows the chip shipment product packing. 
Chip products are stored in the trays protected by a 
sheet of protective paper. 


2.3 Markings 


The following items will be marked on each tray. 


1. Product number 
2. Lot number 
3. Count 
4. Inspection certification seal 


The following items will be marked on each pack. 


1. Product number 
2. Disbursement lot number 
3. Count 
4. Inspection certification seal 


The following items will be marked on the outer 
packing. 


1. Product number 
2. Disbursement lot number 
3. Count 
4. Inspection certification seal 


If possible, please return empty trays to your 
Hitachi sales representative. 


After delivery and after opening the transport pack- 
aging, chip shipment products must be stored in a 
manner that does not cause their electrical, physi- 
cal, or mechanical properties to degrade due to 
humidity or reactive gas contamination. 


We recommend the following storage conditions 
for these products. 
HITACHI 


3.2 When Stored after Die Bonding or Wire 
Bonding 


Storage conditions: 
In dry Nitrogen, at -30°C 
(30 degrees below zero, 
Celsius) 
Storage period: 
Six months 


Temperature: 
under 300C, 


Humidity: under 70%, 
Airborne particles: less than 
5000 per cubic foot 
Seven days 
In dry Nitrogen, at -30°C 
20 days 


The date of the inspection certification 
seal shall be 
used as the start of the storage period. 
Storage period 1: 
Storage conditions 2: 
Storage period 2: 


Cardboard box 


DDDI7LJD T 
DDl7LJDD 
D17LJDDD 
51 
17LJDDDD 1 
LJDDDDD 
000000 
I- 
51 
-I 
~4~ 


Chip tray 
(Unit: mm) 


HD44780SAOOD. HCD66702, 
HD44102D. HD44105D. 


36pesJ 
HD61202D. HD61203D, 
HD61104AD, HD61105AD, 
tray 
HD66106D 


49 pesJ 
tray 


HD44100D, HD66100D, 
64pesJ 
HCD66204, HCD66205 
tray 


Chip Shipment Products 


5. Products Available as Chip Shipment 
Products 


Hitachi, Ltd. currently provides the products listed 
in table 1 as chip shipment products. Figures 3 to 
19 show their respective chip sizes and bonding 
pad layouts. 


Figure No. 
Product No. 
Base Product No. 
Page 


3 
HCD44100R 
HD44100RFS 
104 


4 
HD44102D 
HD44102CH 
105 


5 
HD44105D 
HD44105H 
106 


6 
HCD44780UAOO 
HD44780UAOOFS 
107 


7 
HCD44780U*** 
HD44780U***FS 
108 


8 
HCD66702RAOO 
HD66702RAOOF 
109 


8 
HCD66702RAOOL 
HD66702RAOOFL 
109 


9 
HCD66702R*** 
HD66702R***F 
111 


9 
HCD66702R***L 
HD66702R***FL 
111 


10 
HCD66710AOO 
HD66710AOOFS 
113 


11 
HCD66710*** 
HD66710***FS 
114 


12 
HD61202D 
HD61202 
115 


13 
HD61203D 
HD61203 
116 


14 
HD66100D 
HD66100F 
117 


15 
HD66106D 
HD66106FS 
118 


16 
HCD66204 
HD66204F 
119 


17 
HCD66205 
HD66205F 
120 


18 
HCD66204L 
HD66204FL 
121 


19 
HCD66205L 
HD66205FL 
122 


Chip Shipment Products 
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il 
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Surface shape maximum values 
X direction: lx + 250 


Y direction: 1y + 250 


(lx and iY are the chip dimensions) 


Chip Shipment Products 
. HCD44100R 


5 
60 
56 
Chipsize(Xx V):2.40mm 
x 3.94mm 
Coordinate: 
Pad center 
55 
Origin: 
Chipcenter 
6 
0 
Pad size(Xx Y): 90 11mx 90 11m(SiL) 
0 
0 
0 
0 


~ 
B 
§ 
-- O------------------D- 
- 


Y 8 
~ 
§ 
080 
B 
~ 
0 
o 
~ 
B 
o 
0 
24 
35 


25 
34 


X 


(Unit:lUll) 


Pad 
Coordinate 
Pad 
Coordinate 
Pad 
Coordinate 


No. 
Pad Name 
X 
Y 
No. 
Pad Name 
X 
Y 
No. 
Pad Name 
X 
Y 


1 
Y30 
-280 
1815 
21 
Y14 
-1045 
-1100 
41 
DRl 
1075 
~O 


2 
Y31 
-460 
1815 
22 
Y13 
-1045 
-1300 
42 
DL2 
1075 
-450 


3 
Y32 
-840 
1815 
23 
Y12 
-1045 
-1500 
43 
DR2 
1075 
-270 


4 
Y33 
-820 
1815 
24 
Y9 
-1045 
-1740 
44 


5 
Y34 
-1000 
1815 
25 
Y10 
-850 
-1815 
45 
M 
1075 
-90 


6 
Y29 
-1045 
1600 
26 
Yl1 
-870 
-1815 
46 
SHL1 
1075 
90 


7 
Y28 
-1045 
1420 
27 
Y8 
-490 
-1815 
47 
SHL2 
1075 
270 


8 
Y27 
-1045 
1240 
28 
Y7 
-310 
-1815 
48 
FCS 
1075 
450 


9 
Y26 
-1045 
1060 
29 
Vcc 
-130 
-1815 
49 
Vl 
1075 
630 


10 
Y25 
-1045 
880 
30 
Y6 
130 
-1815 
50 
V2 
1075 
810 


11 
Y24 
-1045 
700 
31 
Y5 
310 
-1815 
51 
V3 
1075 
990 


12 
Y23 
-1045 
520 
32 
Y4 
490 
-1815 
52 
V4 
1075 
1170 


13 
Y22 
-1045 
340 
33 
Y3 
670 
-1815 
53 
V5 
1075 
1350 


14 
Y21 
-1045 
160 
34 
Y2 
870 
-1815 
54 
V6 
1075 
1550 


15 
Y20 
-1045 
-20 
35 
Yl 
1030 
-1780 
55 
Y40 
1045 
1800 


16 
Y19 
-1045 
-200 
36 
VEE 
1075 
-1600 
56 
Y39 
850 
1815 


17 
Y18 
-1045 
-380 
37 
CL1 
1075 
-1410 
57 
Y38 
670 
1815 


18 
Y17 
-1045 
-560 
38 
CL2 
1075 
-1235 
58 
Y37 
490 
1815 


19 
Y16 
-1045 
-740 
39 
GND 
1075 
-990 
59 
Y36 
310 
1815 


20 
Y15 
-1045 
-920 
40 
DL1 
1075 
-810 
60 
Y35 
130 
1815 


Pad 


""0 
1 


2 
3 
4 


5 
6 
7 
8 
9 
10 
11 
l2 
13 
14 
15 
'6 
17 
18 
19 
20 


~1 
22 


2'3 


24 
25 
26 
27 


~1\ 
10 
54 
III1I1DDDDDDDDDDD"DDDu 
D-Q 


J g 
o 
!i!"",1 
g 
g 
o 
0 
o 
" 
o 
0 
o 
0 
y 
g 
g 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
o 
0 
22 
:0ITYPf CODE I 
R f--u 
DDDDDDDDDDDDDDDDDDg- 
J. 
~ 
x 


Y39 
Y38 
Y37 
Y36 
Y35 
Y34 
Y33 
Y32 
Y31 
Y30 
Y29 
Y28 
Y27 
Y26 


Y25 
Y24 
Y23 


Y22 


Y21 
Y20 
Y19 
Y18 


Coordinate 
Pad 


X 
Y 
No 
-2130 
2890 28 


- 2465 
2890 29 
-2515 
2465 30 
-2515 
2215 31 
-2515 
1965 32 
-2515 
1715 33 
-2515 
1465 34 
-2515 
1215 35 
-2515 
965 36 
-2515 
715 37 
-2515 
465 38 
-2515 
215 39 


-2515 
-35 
40 
-2515 
-285 
41 


-2515 
-535 
42 
-2515 
-785 
43 
-2515 
-1035 
44 


-2515 
-1285 
45 


-2515 
-1535 
46 
-2515 
-1785 
47 
-2515 
-2035 
48 
-2515 
-2285 
49 
50 
-2155 
-2890 
51 
-1865 
- 2890 
52 
-1635 
- 2890 
53 
-1405 
- 2890 
54 


Y13 


Y12 


Yll 


Yl0 
Y9 
Y8 
Y7 
Y6 
Y5 


Y4 
Y3 
Y2 


Y1 
VCC 
BS 


RST 
CSl 
CS2 
CS3 


E 


RW 
01 


DBO 


DB1 


DB2 


DB3 


DB4 


Chip Size (XxY) 


Coordinate 


Origin 


Pad Size (XxY) 


Coordinate 
Pad 


X 
Y 
No 
-1175 
-2890 
55 


- 945 - 2890 56 
-715 
-2890 
57 


- 480 - 2890 
58 
- 255 - 2890 
59 
-25 
-2890 
60 
205 -2890 
61 
435 -2890 
62 
665 -2890 
63 
915 -2890 
64 
1160 - 2890 65 
1410 - 2890 66 
1640 - 2890 67 


1930 - 2890 68 


2245 - 2890 69 
2515 -2605 
70 
2515 - 2365 71 


2515 -2125 
72 
2515 -1885 
73 
2515 -1645 
74 
2515-140575 
2515 -1165 
76 
2515 
-880 
77 
2515 
-600 
78 
2515 
-330 
79 
2515 
-50 
80 
2515 
220 


: 5.4Ox6.16mm 


: Pad Center 


: Chip Center 
: 120x120pm 


DB5 


DB6 


DB7 


FRM 
Cl 


P1{~ 1) 


P2(~2) 


M 
GND 
VEE 


Vl 


V2 


V3 


V4 


Y50 
Y49 
Y48 


Y47 


Y46 
Y45 
Y44 
Y43 
Y42 
Y41 
Y40 


[ Unit: pm l 


Coordinate 
X 
Y 
2515 
500 


2515 
770 
2515 
1050 
2515 
1320 
2515 
1560 
2515 
1800 
2515 
2040 


2515 
2815 
2070 
2890 
1835 
2890 
1600 
2890 


1365 
2890 
1135 
2890 


890 
2890 
640 
2890 
410 
2890 


180 
2890 
-50 
2890 
-340 
2890 
-605 
2890 
-850 
2890 
-1100 
2890 


-1350 
2890 
-1600 
2890 
-1845 
2890 


Chip Shipment Products 
. HD44105D 


55 
Chipsize(X x Y):4.56mm x 6.00mm 
Coordinate: 
Pad center 


54 
Origin: 
Chipcenter 
6 
0 
Pad size(X x V): 120 11mx 120 11m 
0 
0 
0 
0 
0 
00 
0 
0 
0 
0 
__8_____________________________ 
.§. _ 


Y 
~ 
§ 
§ 
Type code § 
o 
HD44105 
0 
"'~ 
36 
23 


24 
29 
31 3334 


X 


(Unit:lUll) 


Pad 
Coordinate 
Pad 
Coordinate 
Pad 
Coordlnete 


No. 
Pad Name 
X 
y 
No. 
Pad Name 
X 
Y 
No. 
Pad Name 
X 
y 


1 
X12 
-575 
2822 
20 
C 
-2105 
-1628 
42 
X31 
2105 
-833 


2 
Xll 
-875 
2822 
21 
R 
-2105 
-2053 
43 
X30 
2105 
-528 


3 
Xl0 
-1175 
2822 
22 
CR 
-2105 
-2363 
44 
X29 
2105 
-223 


4 
X9 
-1475 
2822 
23 
STS 
-2105 
-2593 
45 
X28 
2105 
82 


5 
X8 
-1775 
2822 
24 
SHL 
-2005 
-2822 
46 
X27 
2105 
387 


6 
X7 
-2105 
2372 
25 
MIS 
-1770 
-2822 
47 
X26 
2105 
697 


7 
X6 
-2105 
2047 
26 
112 
-1460 
-2822 
48 
X25 
2105 
1002 


8 
X5 
-2105 
1732 
27 
III 
-1010 
-2822 
49 
X24 
2105 
1307 


9 
X4 
-2105 
1417 
28 
FRM 
-605 
-2822 
50 
X23 
2105 
1587 


10 
X3 
-2105 
1102 
29 
Vcc 
-265 
-2822 
51 
X22 
2105 
1867 


11 
X2 
-2105 
787 
31 
M 
770 
-2822 
52 
X21 
2105 
2147 


12 
Xl 
-2105 
472 
33 
CL 
1290 
-2822 
53 
X20 
2105 
2427 


13 
DL 
-2105 
117 
34 
DR 
1730 
-2822 
54 
X19 
2105 
2707 


14 
GND 
-2105 
-208 
36 
VEE 
2105 
-2308 
55 
X18 
1855 
2822 


15 
FSl 
-2105 
-438 
37 
Vl 
2105 
-2078 
56 
X17 
1555 
2822 


16 
FS2 
-2105 
-068 
38 
V2 
2105 
-1848~ 
57 
X16 
1255 
2822 


17 
DSl 
-2105 
-898 
39 
V5 
2105 
-1610 
58 
X15 
955 
2822 


18 
DS2 
-2105 
-1128 
40 
V6 
2105 
-1388 
59 
X14 
655 
2822 


19 
DS3 
-2105 
-1358 
41 
X32 
2105 
-1138 
60 
X13 
355 
2822 


B 
~ 
§ 
§ 


v-- 8--------------------------------8- 
- 
§ 
§ 


o I H~78::~code 
~ 


[X]l IlJCRJOlJOOOOOOOOOO 


Pad 
No. PadName 


12 


1 
SEG22 


SEG21 


3 
SEG20 


4 
SEG19 


5 
SEG18 


16 
SEG17 


7 
SEG16 


8 
SEG15 
9 
SEG14 
10 
SEG13 
11 
SEG12 


12 
SEG11 


13 
SEG10 


~4 
SEG9 


~5 
SEG8 


16 
SEG7 


17 
SEG6 


18 
SEG5 


r9 
SEG4 
20 
SEG3 


21 
SEG2 


22 
SEG1 


23 
GND 


24 
OSC1 


25 
OSC2 


26 
V1 


27 
V2 


Coordinate 


X 
V 
-2100 
2313 


-2280 
2313 


-2313 
2089 
-2313 
1833 


-2313 
1617 


-2313 
1401 
-2313 
1186 


-2313 
970 
-2313 
755 
-2313 
539 
-2313 
323 


-2313 
108 
-2313 
-108 


-2313 
-323 


-2313 
-539 


-2313 
-755 


-2313 
-970 


-2313 
-1186 


-2313 
-1401 


-2313 
-1617 
-2313 
-1833 


-2313 
-2073 


-2280 
-2290 
-2080 
-2290 


-1749 
-2290 


-1550 
-2290 


-1268 
-2290 


Pad 
No. PadName 


28 
V3 


29 
V4 


30 
V5 


31 
CL1 


32 
CL2 


33 
Vce 


34 
M 
35 
0 


36 
RS 


37 
RJW 


38 
E 


39 
DBO 


40 
DB1 


41 
DB2 
42 
DB3 


43 
DB4 


44 
DB5 


45 
DB6 


46 
DB7 


47 
COM1 


48 
COM2 
49 
COMS 
50 
COM4 


51 
COMS 


52 
COMS 


53 
COM7 


54 
COMS 


Chipsize(Xx V): 4.90mmx 4.90mm 
Coordinate: 
Padcenter 
Origin: 
Chipcenter 
Padsize(XxV): 
114± 1011mx 114± 1011m 


Theapertureareaof a bondingpad 


Coordinate 
X 
Y 
-941 
-2290 


-623 
-2290 


-304 
-2290 


-48 
-2290 


142 
-2290 


309 
-2290 


475 
-2290 


665 
-2290 
832 
-2290 
1022 
-2290 
1204 
-2290 


1454 
-2290 


1684 
-2290 


2070 
-2290 
2260 
-2290 


2290 
-2099 


2290 
-1883 


2290 
-1667 
2290 
-1452 


2313 
-1186 
2313 
-970 


2313 
-755 
2313 
-539 


2313 
-323 


2313 
-108 


2313 
108 


2313 
323 


Pad 
No. PadName 
55 
COM9 


56 
COM10 


57 
COM11 


58 
COM12 


59 
COM13 


60 
COM14 


61 
COM15 


62 
COM16 
63 
SEG40 
64 
SEG39 


65 
SEG38 


66 
SEG37 


67 
SEG36 


68 
SEG35 
69 
SEG34 


70 
SEG33 


71 
SEG32 


72 
SEG31 
73 
SEG30 


74 
SEG29 
75 
SEG28 


76 
SEG27 


77 
SEG26 
78 
SEG25 


79 
SEG24 


80 
SEG23 


(Unil:J.IIT1) 


Coordinate 


X 
y 


2313 
539 


2313 
755 


2313 
970 


2313 
1186 


2313 
1401 


2313 
1617 


2313 
1833 


2313 
2095 


2296 
2313 


2100 
2313 


1617 
2313 


1401 
2313 


1186 
2313 


970 
2313 


755 
2313 


539 
2313 


323 
2313 


108 
2313 


-108 
2313 


-323 
2313 


-539 
2313 


-755 
2313 


-970 
2313 


-1186 
2313 


-1401 
2313 


-1617 
2313 


Chip Shipment Products 
. HCD44780U*** 


2 
80 
63 
Chipsize(Xx V):4.90mm x 4.90mm 
Coordinate: 
Pad center 
0000000000000000 
Origin: 
Chipcenter 
0 
B 
Pad size(XxV): 114 ± 10 IJmx 114± 10 IJm 
0 
The apertureareaofa bondingpad 
0 
B0 
0 
0 
v-- 8--------------------------------8- 
- 
0 
0 
0 
§ 
0 
Type code 
00 
/ 
0 
0 
§ 
§ I HD44780U I 
DDDDDDDDDDDDDDDDDD 


23 
42 
X 
(Unit: 
lUll) 


Ped 
Coordinate 
Pad 
Coordinate 
Pad 
Coordlnete 


No. 
Pad Neme 
X 
Y 
No. Ped Neme 
X 
Y 
No. 
Ped Neme 
X 
Y 


1 
SEG22 
-2100 
2313 
28 
V3 
-941 
-2290 
55 
COM9 
2313 
539 


2 
SEG21 
-2280 
2313 
29 
V4 
~23 
-2290 
56 
COM10 
2313 
755 


3 
SEG20 
-2313 
2089 
30 
V5 
-304 
-2290 
57 
COMll 
2313 
970 


4 
SEG19 
-2313 
1833 
31 
Cll 
-48 
-2290 
58 
COM12 
2313 
1186 


5 
SEG18 
-2313 
1617 
32 
CL2 
142 
-2290 
59 
COM13 
2313 
1401 


6 
SEG17 
-2313 
1401 
33 
Vcc 
309 
-2290 
60 
COM14 
2313 
1617 
7 
SEG16 
-2313 
1186 
34 
M 
475 
-2290 
61 
COM15 
2313 
1833 


8 
SEG15 
-2313 
970 
35 
D 
665 
-2290 
62 
COM16 
2313 
2095 


9 
SEG14 
-2313 
755 
36 
RS 
832 
-2290 
63 
SEG40 
2296 
2313 
10 
SEG13 
-2313 
539 
37 
RiW 
1022 
-2290 
64 
SEG39 
2100 
2313 
11 
SEG12 
-2313 
323 
38 
E 
1204 
-2290 
65 
SEG38 
1617 
2313 


12 
SEGll 
-2313 
108 
39 
DBO 
1454 
-2290 
66 
SEG37 
1401 
2313 


13 
SEG10 
-2313 
-108 
40 
DBl 
1684 
-2290 
67 
SEG36 
1186 
2313 


14 
SEG9 
-2313 
-323 
41 
DB2 
2070 
-2290 
68 
SEG35 
970 
2313 


15 
SEG8 
-2313 
-539 
42 
DB3 
2260 
-2290 
69 
SEG34 
755 
2313 
16 
SEG7 
-2313 
-755 
43 
DB4 
2290 
-2099 
70 
SEG33 
539 
2313 
17 
SEG6 
-2313 
-970 
44 
DB5 
2290 
-1883 
71 
SEG32 
323 
2313 
18 
SEG5 
-2313 
-1186 
45 
DB6 
2290 
-1667 
72 
SEG31 
108 
2313 
19 
SEG4 
-2313 
-1401 
46 
DB7 
2290 
-1452 
73 
SEG30 
-108 
2313 


20 
SEG3 
-2313 
-1617 
47 
COMl 
2313 
-1186 
74 
SEG29 
-323 
2313 
21 
SEG2 
-2313 
-1833 
48 
COM2 
2313 
-970 
75 
SEG28 
-¢39 
2313 


22 
SEGl 
-2313 
-2073 
49 
COM3 
2313 
-755 
76 
SEG27 
-755 
2313 
23 
GND 
-2280 
-2290 
50 
COM4 
2313 
-¢39 
77 
SEG26 
-970 
2313 
24 
OSCl 
-2080 
-2290 
51 
COMS 
2313 
-323 
78 
SEG25 
-1186 
2313 
25 
OSC2 
-1749 
-2290 
52 
COMS 
2313 
-108 
79 
SEG24 
-1401 
2313 


26 
Vl 
-1550 
-2290 
53 
COM7 
2313 
108 
80 
SEG23 
-1617 
2313 
27 
V2 
-1268 
-2290 
54 
COMS 
2313 
323 


Figure 7 
HCD44780U*** 
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HITACHI 
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: 5.20 x 5.20mm 


: Pad Center 


: Chip Center 


: 90x90jim 


Chip Size (XxV) 


Coordinate 


Origin 


Pad Size (XxV) 


Pad 
Coordinate 
Pad 
Coordinate 
Pad 
Function 
Coordinate 
Function 
Function 
X 
Y 
No 
X 
Y 
No 
X 
Y 
No 


1 
SEG34 
-2475 
2350 
35 
GND 
-2475 
-2180 
69 
COM7 
1990 -2475 


2 
SEG33 
-2475 
2205 
36 
OSC2 
-2475 
-2325 
70 
COM8 
2125 -2475 


3 
SEG32 
-2475 
2065 
37 
OSC1 
-2445 
-2475 
71 
COM9 
2265 -2475 


4 
SEG31 
-2475 
1925 
38 
VCC 
-2305 
-2475 
72 
COM10 
2410 -2475 


5 
SEG30 
-2475 
1790 
39 
VCC 
- 2165 -2475 
73 
COM11 
2475 -2290 


6 
SEG29 
-2475 
1655 
40 
V1 
-2025 
-2475 
74 
COM12 
2475 - 2145 


7 
SEG28 
-2475 
1525 
41 
V2 
-1875 
-2475 
75 
COM 13 
2475 -2005 


8 
SEG27 
-2475 
1395 
42 
V3 
-1745 
-2475 
76 
COM14 
2475 -1865 


9 
SEG26 
-2475 
1265 
43 
V4 
-1595 
-2475 
77 
COM15 
2475 -1730 


10 
SEG25 
-2475 
1135 
44 
V5 
-1465 
- 2475 
78 
COM16 
2475 -1595 


11 
SEG24 
-2475 
1005 
45 
CL1 
-1335 
-2475 
79 
SEG100 
2475 -1465 


12 
SEG23 
-2475 
875 
46 
CL2 
-1185 
-2475 
80 
SEG99 
2475 -1335 


13 
SEG22 
-2475 
745 
47 
M 
-1055 
-2475 
81 
SEG98 
2475 -1205 


14 
SEG21 
-2475 
615 
48 
0 
-905 
-2475 
82 
SEG97 
2475 -1075 


15 
SEG20 
-2475 
485 
49 
EXT 
-775 
-2475 
83 
SEG96 
2475 
-945 


16 
SEG19 
-2475 
355 
50 
TEST 
-625 
- 2475 
84 
SEG95 
2475 
-815 


17 
SEG18 
-2475 
225 
51 
GND 
-495 
-2475 
85 
SEG94 
2475 
-685 


18 
SEG17 
-2475 
95 
52 
RS 
-345 
-2475 
86 
SEG93 
2475 
-555 


19 
SEG16 
-2475 
-35 
53 
RNI 
-195 
-2475 
87 
SEG92 
2475 
-425 


20 
SEG15 
-2475 
-165 
54 
E 
-45 
-2475 
88 
SEG91 
2475 
-295 


~1 
SEG14 
-2475 
-295 
55 
DBO 
85 -2475 
89 
SEG90 
2475 
-165 


~2 
SEG13 
-2475 
-425 
56 
DB1 
235 -2475 
90 
SEG89 
2475 
-35 


23 
SEG12 
-2475 
-555 
57 
DB2 
365 -2475 
91 
SEG88 
2475 
95 


~4 
SEG11 
-2475 
-685 
58 
DB3 
515 -2475 
92 
SEG87 
2475 
225 
25 
SEG10 
-2475 
-815 
59 
DB4 
645 -2475 
93 
SEG86 
2475 
355 
26 
SEG9 
-2475 
-945 
60 
DB5 
795 -2475 
94 
SEG85 
2475 
4B5 
27 
SEG8 
-2475 
-1075 
61 
DB6 
925 -2475 
95 
SEG84 
2475 
615 
28 
SEG7 
-2475 
-1205 
62 
DB7 
1075 -2475 
96 
SEG83 
2475 
745 
29 
SEG6 
-2475 
-1335 
63 
COM1 
1205 -2475 
97 
SEG82 
2475 
875 
30 
SEG5 
-2475 
-1465 
64 
COM2 
1335 -2475 
98 
SEG81 
2475 
1005 
31 
SEG4 
-2475 
-1600 
65 
COM3 
1465 -2475 
99 
SEG80 
2475 
1135 
32 
SEG3 
-2475 
-1735 
66 
COM4 
1595 -2475 
100 
SEG79 
2475 
1265 
33 
SEG2 
-2475 
-1870 
67 
COM5 
1725 -2475 
101 
SEG78 
2475 
1395 
34 
SEG1 
-2475 
-2010 
68 
COM6 
1855 -2475 
102 
SEG77 
2475 
1525 
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Function 
Coordinate 
Pad 
Function 
Coordinate 
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Function 
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No 
X 
Y 
No 
X 
Y 
No 
X 
Y 
103 
SEG76 
2475 
1655 117 
SEG62 
1235 
2475 131 
SEG48 
-585 
2475 
104 
SEG75 
2475 
1790 118 
SEG61 
1105 
2475 132 
SEG47 
-715 
2475 


105 
SEG74 
2475 
1925 119 
SEG60 
975 
2475 133 
SEG46 
-845 
2475 
106 
SEG73 
2475 
2065 120 
SEG59 
845 
2475 134 
SEG45 
-975 
2475 
107 
SEG72 
2475 
2205 121 
SEG58 
715 
2475 135 
SEG44 
-1105 
2475 
108 
SEG71 
2475 
2350 122 
SEG57 
585 
2475 136 
SEG43 
-1235 
2475 
109 
SEG70 
232~ 
2475 123 
SEG56 
455 
2475 137 
SEG42 
-1365 
2475 
110 
SEG69 
2175 
2475 124 
SEG55 
325 
2475 138 
SEG41 
-1495 
2475 
111 
SEG68 
2035 
2475 125 
SEG54 
195 
2475 139 
SEG40 
-1625 
2475 
112 
SEG67 
1895 
2475 126 
SEG53 
65 
2475 140 
SEG39 
-1760 
2475 
113 
SEG66 
1760 
2475 127 
SEG52 
-65 
2475 141 
SEG38 
-1895 
2475 
114 
SEG65 
1625 
2475 128 
SEG51 
-195 
2475 142 
SEG37 
-2035 
2475 
115 
SEG64 
1495 
2475 129 
SEG50 
-325 
2475 143 
SEG36 
-2175 
2475 
116 
SEG63 
1365 
2475 130 
SEG49 
-455 
2475 144 
SEG35 
-2320 
2475 
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Pad 
Coordinate 
Pad 
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Function 
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X 
V 
No 
X 
V 
No 
X 
V 
No 


1 
SEG34 
-2475 
2350 
35 
GND 
-2475 
-2180 
69 
COM7 
1990 -2475 


2 
SEG33 
-2475 
2205 
36 
OSC2 
-2475 
-2325 
70 
COM8 
2125 -2475 


3 
SEG32 
-2475 
2065 
37 
OSC1 
-2445 
-2475 
71 
COM9 
2265 -2475 
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1925 
38 
VCC 
-2305 
-2475 
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39 
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- 2165 -2475 
73 
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-2475 
1655 
40 
V1 
-2025 
-2475 
74 
COM12 
2475 -2145 
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SEG28 
-2475 
1525 
41 
V2 
-1875 
-2475 
75 
COM13 
2475 -2005 


8 
SEG27 
-2475 
1395 
42 
V3 
-1745 
-2475 
76 
COM14 
2475 -1865 


9 
SEG26 
-2475 
1265 
43 
V4 
-1595 
-2475 
77 
COM15 
2475 -1730 


10 
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-2475 
1135 
44 
V5 
- 1465 -2475 
78 
COM16 
2475 -1595 


11 
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1005 
45 
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79 
5EG100 
2475 -1465 
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46 
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2475 
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SEG72 
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2475 
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2475 123 
SEG56 
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2475 137 
SEG42 
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2475 
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SEG69 
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2475 124 
SEG55 
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2475 138 
SEG41 
-1495 
2475 
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SEG68 
2035 
2475 125 
SEG54 
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2475 139 
SEG40 
-1625 
2475 
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SEG67 
1895 
2475 126 
SEG53 
65 
2475 140 
SEG39 
-1760 
2475 
113 
SEG66 
1760 
2475 127 
SEG52 
-65 
2475 141 
SEG38 
-1895 
2475 
114 
SEG65 
1625 
2475 128 
SEG51 
-195 
2475 142 
SEG37 
-2035 
2475 
115 
SEG64 
1495 
2475 129 
SEG50 
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2475 143 
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1 100 
811~0 
Chipsize(Xx V):5.36mm x 6.06mm 
Coordinate: 
Pad center 
2- 
0 
.""""""""" 
0 
79 
Origin: 
Chipcenter 
/~ 
Pad size(Xx V): 10011mx 10011m 
Type code 


Y 


29- 
Q 
'" 
, • , • H• , • i i ,.1 
I II 
Q 
52 


3031 
5051 
X 
(Unit:11"1) 


Pad 
Coordinate 
Pad 
Coordinate 
Pad 
Coordinate 
No. 
Pad Name 
X 
y 
No. 
Pad Name 
X 
Y 
No. 
Pad Name 
X 
Y 
1 
SEG27 
-2495 
2910 
35 
COM20 
-1102 
-2910 
68 
DB4 
2675 
501 
2 
SEG28 
-2695 
2730 
36 
COM19 
-899 
-2910 
69 
DBS 
2675 
700 
3 
SEG29 
-2695 
2499 
37 
COM18 
-700 
-2910 
70 
DB6 
2675 
900 
4 
SEG30 
-2695 
2300 
38 
COM17 
-500 
-2910 
71 
DB7 
2675 
1099 
5 
SEG31 
-2695 
2100 
39 
COMB 
-301 
-2910 
72 
EXT 
2675 
1299 
6 
SEG32 
-2695 
1901 
40 
COM7 
-101 
-2910 
73 
TEST 
2675 
1502 
7 
SEG33 
-2695 
1698 
41 
COMS 
99 
-2910 
74 
Vc;c 
2695 
1698 
8 
SEG34 
-2695 
1498 
42 
COM5 
302 
-2910 
75 
SEGl 
2695 
1901 
9 
SEG35 
-2695 
1295 
43 
COM4 
502 
-2910 
76 
SEG2 
2695 
2104 
10 
SEG36 
-2695 
1099 
44 
COM3 
698 
-2910 
77 
SEG3 
2695 
2300 
11 
SEG37 
-2695 
900 
45 
COM2 
887 
-2910 
78 
SEG4 
2695 
2503 
12 
SEG38 
-2695 
700 
46 
COMl 
1077 
-2910 
79 
SEG5 
2695 
2730 
13 
SEG39 
-2695 
501 
47 
COM33 
1266 
-2910 
80 
SEG6 
2495 
2910 
14 
SEG40 
-2695 
301 
48 
Vl 
1488 
-2910 
81 
SEG7 
2049 
2910 
15 
COM9 
-2695 
98 
49 
V2 
1710 
-2910 
82 
SEG8 
1699 
2910 
16 
COM10 
-2695 
-113 
50 
V3 
2063 
-2910 
83 
SEG9 
1499 
2910 
17 
COMll 
-2695 
-302 
51 
V4 
2458 
-2910 
84 
SEG10 
1300 
2910 
18 
COM12 
-2695 
-501 
52 
V5 
2660 
-2731 
85 
SEG11 
1100 
2910 
19 
COM13 
-2695 
-701 
53 
VSOUT3 
2660 
-2500 
86 
SEG12 
901 
2910 
20 
COM14 
-2695 
-900 
54 
VSOUT2 
2660 
-2300 
87 
SEG13 
701 
2910 
21 
COM15 
-2695 
-1100 
55 
GND 
2640 
-2090 
88 
SEG14 
502 
2910 
22 
COM16 
-2695 
-1303 
56 
Cl 
2650 
-1887 
89 
SEG15 
299 
2910 
23 
COM25 
-2695 
-1502 
57 
C2 
2675 
-1702 
90 
SEG16 
99 
2910 
24 
COM26 
-2695 
-1702 
58 
VCI 
2675 
-1502 
91 
SEG17 
-101 
2910 
25 
COM27 
-2695 
-1901 
59 
OSCl 
2675 
-1303 
92 
SEG18 
-301 
2910 
26 
COM28 
-2695 
-2101 
60 
OSC2 
2675 
-1103 
93 
SEG19 
-500 
2910 
27 
COM29 
-2695 
-2300 
61 
RS 
2675 
-900 
94 
SEG20 
-700 
2910 
28 
COM30 
-2695 
-2500 
62 
RIW 
2675 
-701 
95 
SEG21 
-899 
2910 
29 
COM31 
-2695 
-2731 
63 
E 
2675 
-501 
96 
SEG22 
-1099 
2910 
30 
COM32 
-2495 
-2910 
64 
DBO 
2675 
-302 
97 
SEG23 
-1302 
2910 
31 
COM24 
-2051 
-2910 
65 
DBl 
2675 
-99 
98 
SEG24 
-1501 
2910 
32 
COM23 
-1701 
-2910 
66 
DB2 
2675 
98 
99 
SEG25 
-1701 
2910 
33 
COM22 
-1498 
-2910 
67 
DB3 
2675 
301 
100 SEG26 
-2051 
2910 
34 
COM21 
-1302 
-2910 
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Coordinate: 
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Origin: 
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5051 
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Coordinate 
Pad 
Coordinate 
Pad 
CoordInate 
No. 
Pad Name 
X 
y 
No. 
Pad Name 
X 
Y 
No. 
Pad Name 
X 
y 


1 
SEG27 
-2495 
2910 
35 
COM20 
-1102 
-2910 
68 
DB4 
2675 
501 
2 
SEG28 
-2695 
2730 
36 
COM19 
--a99 
-2910 
69 
DB5 
2675 
700 
3 
SEG29 
-2695 
2499 
37 
COM18 
-700 
-2910 
70 
DB6 
2675 
900 
4 
SEG30 
-2695 
2300 
38 
COM17 
-500 
-2910 
71 
DB7 
2675 
1099 
5 
SEG31 
-2695 
2100 
39 
COMB 
-301 
-2910 
72 
EXT 
2675 
1299 
6 
SEG32 
-2695 
1901 
40 
COM7 
-101 
-2910 
73 
TEST 
2675 
1502 
7 
SEG33 
-2695 
1698 
41 
COM6 
99 
-2910 
74 
Vcc 
2695 
1698 
8 
SEG34 
-2695 
1498 
42 
COMS 
302 
-2910 
75 
SEGl 
2695 
1901 
9 
SEG35 
-2695 
1295 
43 
COM4 
502 
-2910 
76 
SEG2 
2695 
2104 
10 
SEG36 
-2695 
1099 
44 
COM3 
698 
-2910 
77 
SEG3 
2695 
2300 
11 
SEG37 
-2695 
900 
45 
COM2 
887 
-2910 
78 
SEG4 
2695 
2503 
12 
SEG38 
-2695 
700 
46 
COM1 
1077 
-2910 
79 
SEG5 
2695 
2730 
13 
SEG39 
-2695 
501 
47 
COM33 
1266 
-2910 
80 
SEG6 
2495 
2910 
14 
SEG40 
-2695 
301 
48 
V1 
1488 
-2910 
81 
SEG7 
2049 
2910 
15 
COM9 
-2695 
98 
49 
V2 
1710 
-2910 
82 
SEG8 
1699 
2910 
16 
COM10 
-2695 
-113 
50 
V3 
2063 
-2910 
83 
SEG9 
1499 
2910 
17 
COM11 
-2695 
-302 
51 
V4 
2458 
-2910 
84 
SEG10 
1300 
2910 
18 
COM12 
-2695 
-501 
52 
V5 
2660 
-2731 
85 
SEGll 
1100 
2910 
19 
COM13 
-2695 
-701 
53 
V50UT3 
2660 
-2500 
86 
SEG12 
901 
2910 
20 
COM14 
-2695 
-900 
54 
V50UT2 
2660 
-2300 
87 
SEG13 
701 
2910 
21 
COM15 
-2695 
-1100 
55 
GND 
2640 
-2090 
88 
SEG14 
502 
2910 
22 
COM16 
-2695 
-1303 
56 
Cl 
2650 
-1887 
89 
SEG15 
299 
2910 
23 
COM25 
-2695 
-1502 
57 
C2 
2675 
-1702 
90 
SEG16 
99 
2910 
24 
COM26 
-2695 
-1702 
58 
VCI 
2675 
-1502 
91 
SEG17 
-101 
2910 
25 
COM27 
-2695 
-1901 
59 
08Cl 
2675 
-1303 
92 
SEG18 
-301 
2910 
26 
COM28 
-2695 
-2101 
60 
OSC2 
2675 
-1103 
93 
SEG19 
-500 
2910 
27 
COM29 
-2695 
-2300 
61 
RS 
2675 
-900 
94 
SEG20 
-700 
2910 
28 
COM30 
-2695 
-2500 
62 
RIW 
2675 
-701 
95 
SEG21 
--a99 
2910 
29 
COM31 
-2695 
-2731 
63 
E 
2675 
-501 
96 
SEG22 
-1099 
2910 
30 
COM32 
-2495 
-2910 
64 
DBO 
2675 
-302 
97 
SEG23 
-1302 
2910 
31 
COM24 
-2051 
-2910 
65 
DB1 
2675 
-99 
98 
SEG24 
-1501 
2910 
32 
COM23 
-1701 
-2910 
66 
DB2 
2675 
98 
99 
SEG25 
-1701 
2910 
33 
COM22 
-1498 
-2910 
67 
DB3 
2675 
301 
100 SEG26 
-2051 
2910 
34 
COM21 
-1302 
-2910 
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Origin 


Pad Size(XxY) 


:6.08x 5.92mm 


:Pad Center 
:ChipCenter 
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Pad 
Coordinate 
Pad 
Coordinate 
Pad 
Function 
Coordinate 
Function 
Function 
X 
Y 
No 
X 
Y 
No 
X 
Y 
No 


1 
ADC 
-2674 
2806 35 
Y38 
-1174 -2806 
69 
Y4 
2882 
610 


2 
M 
-2882 
2612 36 
Y~7 
-962 -2806 
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1 
Views on Quality and RellabUlty 


Hitachi's basic quality aims are to meet indi- 
vidual user's purchase purpose and quality 
r~quired, and to be at a satisfactory quality 
level 
considering 
general 
marketability. 
Quality required by users is specifically clear 
ifthe contract specification is provided. If not, 
~ality 
required is not always definite. In 
bbth cases, Hitachi tries to assure reliability 
so that semiconductor devices delivered can 
prrform their function in actual operating 
circumstances. To realize this quality in the 
manufacturing process, the key points should 
be to establish a quality control system in the 
process and to enhance the quality ethic. 
Iri addition, quality 
required 
by users 
of 
semiconductor 
devices 
is 
going 
toward 
hi,gher levels as performance of electronic 
system 
in the 
market 
is increasing 
and 
expanding in size and application fields. To 
cover the situation, Hitachi is performing the 
fo~owing:' 
1.I Buildingin reliability in design at the stage 
of new product development. 
2. Buliding in quality at the sources of the 
manufacturing process. 
3. Executing stricter inspection and reliabil- 
ity confirmation of final products. 
4. Making quality levels higher with field 
data feedback. 


5. Cooperating with research laboratories for 
higher quality and reliability. 


W~th the 
views 
and 
methods 
mentioned 
al:jove,utmost efforts are made to meet users' 
refIUirements. 


2. Rellablllty 
Design 
of Semiconductor 
Devices 


The reliability target is the important factor 
in manufacture and sales as well as perfor- 
mance and price. It is not praCtical to rate 
reliability targets 
with failure rates 
under 
certain common test conditions. The reliabil- 
ity!target is determined corresponding to the 
character of equipment taking design, man- 
ufacture, 
inner 
process 
quality 
control, 
screening and test method, etc. into consid- 
er~tion, and considering the operating 
cir- 
cumstances of equipment the semiconductor 
device is used in, reliability target 
of the 
sYfltem,derating applied in design, operating 
co?dition, maintenance, etc. 


To achieve the reliability required based on 
reliability targets, timely study and execution 


of design standardization, device design (in- 
cluding process. design, structure 
design), 
design review, reliability test are essential. 


Establishment of design rules, and standard- 
ization of parts, material and process are 
necessary. To establish design rules, critical 
quality and reliability items are always stud- 
ied at circuit design, device design, layout 
design, etc. Therefore, as long as standard- 
ized process, material, etc. are used, reliability 
risk is extremely small even in newly devel- 
oped devices, except in cases where special 
functions are needed. 


It is important in device design to consider 
the total balance of process design, structure 
design, circuit and layout design. Especially 
when new processes and new materials are 
employed, careful technical study is executed 
prior to device development. 


Test site is sometimes called test pattern. It is 
a useful method for design and process reli- 
ability evaluation of ICs and LSIswhich have 
complicated functions. 


Purposes of test site are: 
· Making fundamental failure mode clear 
· Analysis of relation between failure mode 
and manufacturing process condition 
· Search for failure mechanism analysis 
· Establishment of QC point in manufactur- 
ing 
Evaluation by test site is effective because: 
· Common fundamental 
failure mode and 
failure 
machanism 
in 
devices 
can 
be 
evaluated. 
· Factors dominating failure mode can be 
picked up, and comparison can be made 
with processes that have been experienced 
in field. 
· Relation between failure causes and man- 
ufacturing factors can be analyzed. 
· Easy to run tests. 
· Etc. 


Design review is an organized method 
to 
confirm that a design satisfies the required 
performance 
(including 
users') 
and 
that 
design work follows the specified methods, 
and whether or not improved technical items 
accumulated in test data of individual major 


fields and field data are effectively built in. In 
addition, from the standpoint 
of enhance- 
ment of the competitive power of products, 
the major purpose of the design review is to 
ensure quality and reliability of the products. 
In Hitachi, design reviews 
are performed 
from the planning stage for new products 
and even for design changed products. Items 
discussed and determined at design review 
are as follows: 
1. Description of the 
products 
based 
on 
specified design documents. 


2. From the standpoint of the specialties of 
indiVidualparticipants, design documents 
are studied, and if unclear matter is found, 
calculation, 
experiments, 
investigation, 
etc. will be carried out. 


3. Determine 
contents 
of 
reliability 
and 
methods, etc. based on design documents 
and drawings. 
4. Check process ability of manufacturing 
line to achieve design goal. 


5. Discussion about preparation for produc- 
tion. 


6. Planning and execution of subprograms 
for design changes proposed by individual 
specialists, and for tests, experiments and 
calculation to confirm the design changes. 


7. Reference of past failure experiences with 
similar devices, confirmation ofmethods to 
prevent them, and planning and execution 
of test programs for confirmation of them. 
These studies 
and 
decisions are 
made 
using check lists made individually de- 
pending on the objects. 


3. Quality 
Assurance 
System 
of Semi- 
conductor Devices 


General views of overall quality assurance in 
Hitachi are: 
1. Problems in an individual process should 
be solved in the process. Therefore, at final 
product stage, the potential failure factors 
have been already removed. 


2. Feedback of information should be used to 
ensure satisfactory level of process capa- 
bility. 


3. To assure required reliability as a result of 
the items mentioned above is the purpose 
of quality assurance. 


The following discusses device design, qual- 
ity approval at mass production, inner proc- 
ess quality control, product inspection and 
reliability tests. 


To ensure required 
quality and reliability, 
quality approval is carried out at the trial 


production stage of device design and the 
mass production stage based on reliability 
design as described in section 2. 
Hitachi's views on quality approval are: 
1. A third 
party 
must 
perform 
approval 
objectively from the 
standpoint 
of cus- 
tomers. 


2. Fullyconsider past failure experiences and 
information from the field. 


3. Approval is needed for design change or 
work change. 
4. Intensive approval is executed 
on parts 
material and Process. 
5. Study process 
capability 
and 
variation 
factor, and set up control points at mass 
production stage. 
Considering the 
views 
mentioned 
above, 
figure 1 shows how quality approval is per- 
formed. 


3.3 
Quality 
and Reliability 
Control 
at 
Mass Production 


For quality assurance of products in mass 
production, 
quality 
control 
execution 
is 
divided 
organically 
by 
function 
between 
manufacturing 
department 
and 
quality 
assurance 
department, 
and 
other 
related 
departments. 
The 
total 
function 
flow 
is 
shown in figure 2. The main points are de- 
scribed below. 


3.3.1 Quality Control of Parts and Mate- 
rial 


As the performance and the reliability of 
semiconductor devices improve, the impor- 
tance of quality control of material and parts 
(crystal, lead frame, fine wire for wire bond- 
ing, package) to build products, and materials 
needed in manufacturing process (mask pat- 
tern and chemicals) increases. Besides quality 
approval on parts and materials stated 
in 
section 3.2, the incoming inspection is also 
key in quality control of parts and materials. 
The incoming inspection is performed based 
on an incoming inspection specification, fol- 
lowing purchase specification and drawings, 
and sampling inspection is executed based 
mainly on MIL-STD-105D. 
The other activities of quality assurance are 
as follows: 
1. Outside 
vendor 
technical 
information 
meeting 
2. Approval on outside vendors, and guid- 
ance of outside vendors 
3. Physical chemical analysis and test 
The typical check points of parts and mate- 
rials are shown in table 1. 


manufacturing process is tightly executed: 
Strict check on each process and each lot, 
100%inspection to remove failure factor 
caused by manufacturing 
variation, and 
necessary screening, such as high tem- 
perature aging and temperature 
cycling. 


Contents of inner process quality control 
are: 
· Condition control on individual equip- 
ment and workers, and sampling check 
of semifinal products. 
· Proposal 
and 
carrying-out 
of 
work 


improvement 
· Education of workers 
· Maintenance and improvement of yield 
· Detection of quality problems, and exe- 


cution of countermeasures 


· Transmission of information about qual- 
ity 


15':er process quality control performs a very 
iInfportantfunction in quality assurance of a 
sebriconductor devices. The following is a 
description of control of semifinal products, 
final 
products, 
manufacturing 
facilities, 
measuring 
equipments, 
circumstances 
and 
sl¢materials. 
The 
quality 
control 
in 
the 
manufacturing process is shown in figure 3 
corresponding to the manufacturing process. 


1. Quality Control of Semifinal Products and 


~ 


inal Production Products 
otential failure factors of semiconductor 
evices should be removed in manufac- 


turing 
process. To achieve 
this, 
check 


points 
are setup 
in each process, and 
products that have potential failure factors 
In"enot transferred to the next process. For 
high 
reliability 
semiconductor 
devices, 


pspecially manufacturing line is carefully 
selected, and the quality control in the 


2. Quality Control ofManufacturing Facilities 
and Measuring Equipment 
Equipment 
for manufacturing 
semicon- 
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Others 
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and 
Reliability 
of Materials 


and Parts 


Materials. 
Parts 
Approval 


Electrical 
Characteristics 
Function 
Voltage 
Current 
Temperature 
Others 
Appearance. 
Dimension 


Confirmation 
of Target 
Spec. 
(Mainly 
Electrical 
Characteristics) 


Reliability 
Test 
Ufe Test 
Thermal 
Stress 
Moisture 
Resistance 
Mechanical 
Stress 
Others 


Confirmation 
of Quality 


and Reliability 
in Design 


Reliability 
Test 
Process Check (same as 
Quality 
Approval 
(1) ) 


Confirmation 
of Quality 


and Reliability 
in Mass 


Production 


Figure 1. Quality Approval 
Flowchart 
HITACHI 


ductor 
devices 
have 
been 
developing 
extraordinarily, with required 
high per- 
formance 
devices 
and 
production 
in- 


provements. They are important factors to 
determine quality and reliability. In Hita- 
chi, automation of manufacturing equip- 
ment is promoted to improve manufactur- 
ing variation, and controls maintain proper 
operation 
and function of high perfor- 


mance equipment. 
Maintenance 
inspec- 
tion for quality control is performed daily 
based on related specifications, and also 
periodical inspections. At the inspection, 
inspection points listed in the specification 
are checked one by one to avoid any om- 
issions. During adjustment 
and mainte- 


nance of measuring equipment, mainte- 


nance 
number 
and 
specifications 
are 
checked 
one by one to 
maintain 
and 
improve qualit¥. 


3. Quality Control of Manufacturing Circum- 
stances and Submaterials 
Quality and reliability of semiconductor 
devices is greatly affected by manufactur- 
ing process. Therefore, manufacturing cir- 
cumstances (temperature, humidity, dust) 
and the control of submaterials (gas, pure 
water) used in manufacturing process are 
intensively controlled. Dust control is de- 
scribed in more detail below. 
Dust control is essential to realize higher 
integration 
and 
higher 
reliability 
of 
devices. 
In 
Hitachi, 
maintenance 
and 
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I 
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Inspection on Material and 
Parts for Semiconductor 
Devices 


Manufacturing 
Equipment, 
Environment, 
Submaterial, 
Worker Control 


100% Inspection of 
Appearance and Electrical 
Characteristics 


Sampling Inspection of 
Appearance and Electrical 
Characteristics 


Lot Sampling, 
Confirmation 
of 
Quality Level 


Confirmation 
of 
Quality Level 


Lot Sampling, 
Confirmation 
of 
Quality Level 


Testing, 
Inspection 


Confirmation 
of 
Quality Level, 
Lot Sampling 


r-----------------, 
: 
Quality Information 
I 
I 
Claim 
: 
I 
Field Experience 
I 
General Quality 
I 
~--~!~~~~--------~ 


Figure 2 
Flowchart of auality Control in Manufacturing Process 
HITACHI 
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improvement of cleanness and manufac- 
turing site cleanness are executed paying 
close attention to buildings, facilities, air- 
conditioning 
systems, packaging 
mate- 


rials, clothes, work, etc., and periodical 
inspection for floating dust"in room, falling 
dust, and floor duSt. 


3.".3 Final Product Inspection and Reli- 
ability Assurance 


1. Final Product Inspection 


Lot inspection is done by quality assur- 
ance department for products that were 
judged to be 100%good in tests, which is 


the final process in the manufacturing 
department. Though 100%good products 
is 
expected, 
sampling 
inspection 
is 


executed 
to prevent 
inclusion of failed 
products by mistake, etc. The inspection is 
executed 
not only to confirm that 
the 


products meet users' requirements, but to 
consider 
potential 
trouble 
factors. 
Lot 


inspection is executed based on MIL-STD- 
105D. 
1. Reliability Assurance Tests 
To assure 
reliability 
of semiconductor 


devices, periodical reliability tests 
and 
reliability tests on individual manufactur- 
ing lots required by user are performed. 


Ttle 
1 Quality ControlCheck Points of Material and Parts 


(Ezample) 


Material, Parts 


Wafer 


Fine wire for wire bond- 
ing 


Important Control Items 


Appearance 
Dimension 
Sheet resistance 
Defect density 
Crystal axis 
Appearance 
Dimension 
Registration 
Gradation 
Appearance 
Dimension 
Purity 
Elongation ratio 
Appearance 
Dimension 
Processing accuracy 
Plating 
Mounting characteristics 
Appearance 
Dimension 
Leak resistance 
Plating 
Mounting characteristics 
Electrical characteristics 
Mechanical strength 
Composition 


I 


Plastic 


Electrical characteristics 
Thermal characteristics 
Molding performance 
Mounting characteristics 


Points to Check 


Damage and contamination on surface 
Flatness 
Resistance 
Defect numbers 


Defect numbers, scratch 
Dimension level 


Uniformity of gradation 
Contamination, scratch, bend, twist 


Purity level 
Mechanical strength 
Contamination, scratch 
Dimension level 


Bondability, solderability 
Heat resistance 
Contamination, 
scratch 
Dimension level 
Airtightness 
Bondability, solderability 
Heat resistance 


Mechanical strength 
Characteristics of plastic material 


Molding performance 
Mounting characteristics 


Process 
Control point 
Purpose of contrC>t 


Purchase of material 


Wafer 
Wafer 
Characteristics, 
Appearance 
Scratch, 
removal of crystal 


defect wafer 


Surface oxidation 
Oxidation 
Assurance of resistance 


Inspection 
of surface 
Appearance, 
Thickness of 
Pinhole, 
Scratch 


oxidation 
oxide film 


Photo resist 
Photo 
resist 


Inspection 
of photo resist 
Dimension, 
Appearance 
Dimension 
level 


PQC level check 
Check of photo resist 


Diffusion 
Diffusion 
Diffusion 
depth, 
Sheet 
Diffusion 
status 
resistance 


Inspection 
of diffusion 
Gate width 
Control of basic parameters 
(VrH, etc.) cleanness of surface 
PQC level check 
Characteristics 
of oxide 
Prior check of VrH 
film, 
Breakdown 
voltage 
Breakdown 
voltage check 


Evaporation 
Evaporation 
Thickness of vapor film, 
Assurance of standard 
Scratch, 
Contamination 
thickness 


Inspection 
of evaporation 


PQC level check 


Wafer inspection 
Wafer 
Thickness, 
VrH characteris- 
Prevention of cracks. 


tics 
Quality assurance of scribe 


Inspection 
of chip 
Chip 
Electrical characteristics 
electrical characteristics 


Chip scribe 
Appearance of chip 


Inspection 
of chip 
appearance 


PaC lot judgement 


Frame 


Assembling 
Assembling 
Appearance after chip 
Quality check of chip 
bonding 
Bonding 
Appearance 
after wire 
Quality check of wire 


bonding 
Bonding 
PQC level check 
Pull strength, 
Compression 
Prevention of open and 


width, 
Shear strength 
short 


Inspection 
after assemblin 
Appearance 
after assembling 


PQC lot judgement 


Package 


Sealing 
Sealing 
Appearance 
after sealing 
Guarantee of appearance 
Outline ••Dimension 
and dimension 


PQC level check 
Marking 
Marking strength 


Final electrical inspection 


Failure analysis 
Analysis of failures, 
Failure 
Feedback of analysis infor- 
mode, Mechanism 
mation 


Appearance 
inspection 


sampling 
inspection 
of 
products 


Receiving 


Shipment 


Sales Dept. 
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Countermeasure. 
Execution of 
Countermeasure 


I 
I 
I 
I 
Report 
I 
_ 
J 


Follow-up and Confirm- 
ation of Countermeasure 
Execution 


The use of liquid crystal displays with micro- 
computer 
application 
systems 
has 
been 
increasing, because of their low power con- 
sumption, freedom in display pattern design, 
and thin shape. Low power consumption and 
high density packaging have been achieved 
through the use ofthe CMOSprocess and the 
flat plastic packages, respectively. 
This chapter describes reliability and quality 
assurance data for Hitachi LCD driver LSIs 


based 
on test 
data 
and 
failure analysis 
results. 


The Hitachi LCD driver LSIfamily uses low 
power 
CMOS technology and flat plastic 
package. The Si-gate process is used for high 
reliability and high density. Chip structure 
and basic circuit are shown in figure 1, and 
package structure is shown in figure 2. 


P-channel 
EMOS 


N-channel 
EMOS 


Figure 1 
Chip Structure and Basic 
Circuit 


31 Rel1ablllty Test Results 


The test results of LCD driver LSI family are 
shown in Tables 1, 2, and 3. 


I 
I 


Table 1 Test Result I, High Temperature Operation 


(Ta=125'C, 
Vcc=5.5V) 
oLa 


HD441DOH 
HD44102H 
Hlil44103H 
H[)44780 


HD66100F 


[~61100A 
H 61102 
HD61103A 
HD61200 


~d61202 
H 61203 
HD61830 
HD61830B 


H§63645 
H ,64645 
HD61602 
HD61603 
Hq61604 
Hd61605 
HD66840 
1.2 


~Item 
High temp, storage 
Lovytemp, storage 
Steady state humidity 


~dy 
state humidity, biased 


Pressurecooker 


Note: -Aluminum corrosion 


\ 


s.mpIe Size 
40 
40 
40 
90 
45 
80 
50 
50 
40 
50 
40 
40 
40 
32 
32 
38 
32 
32 
32 
45 


Test Condition 
Ta=150'C, 
1000 h 


Ta=-55'C, 
1000 h 
65'C, 95% RH, 1000 h 


85'C, 90% RH, 1000 h 


121'C, 2 atm.100 h 


Component Hour 


40,000 
40,000 
40,000 
90,000 
45,000 
80,000 
50,000 
50,000 
40,000 
50,000 
40,000 
40,000 
40,000 
32,000 
32,000 
38,000 
32,000 
32,000 
32,000 
45,000 


s.mpIe 
Size 
180 
140 
860 


165 


200 


Component 
Hour 
180,000 
140,000 
860,000 


170,000 


20,000 


Failure 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Failure 
o 
o 
1- 
2- 
o 


Reliability Test Data of LCD Drivers 


Test Items 


Thermal shock 


Soldering heat 
Resistance to VPS 


Solderability 


Test Condition 
o to 100'C 
10 cycles 
-SS'C to lS0'C 
10 cycles 
260'C, 
10 seconds 
21S'C, 30 seconds 
230'C, S seconds 


Sample Size 
108 
Feilure 
o 


283 
88 
140 


Field failure rate is estimated in advance 
through production process evaluation and 
reliability tests. Past field data on similar 
devices provides the basis for this estimation. 
Quality information from the users is indis- 
pensable 
to the 
improvement of product 


quality. Therefore, field data 
on products 
delivered to the users is followed up carefully. 
On the basis of information furnished by the 
user, failure analysis is conducted and the 
results are quicklyfed back to the design and 
production divisions. 
Failure analysis results on MOSLSlsreturned 
to Hitachi is shown in figure 3. 


Damaged by 


excessive 
voltage 
and/or 
current 


I 
Reliability Test Data of LCD Drivers 
,-------- 


It I is 
preferable 
to· store 
semiconductor 
d~vices in the following ways to prevent 
deterioration in their electrical characteris- 
tics, solderability, and appearance, or break- 
age. 
1. Store in an ambient temperature of 5 to 30' 


e, and in a relative humidity of 40 to 60%. 
2'1Store in a clean air environment, free from 
dust and reactive gas. 
3. Store in a container that does not induce 
static electricity. 
4. Store without any physical load. 
5. If semiconductor devices are stored for a 
long time, store them in unfabricated form. 


\ 


If their 
lead 
wires 
wires 
are 
formed 
beforehand, bent parts may corrode dur- 
ing storage. 
6. If the chips are unsealed, store them in a 
cool, 
dry, 
dark, 
and 
dustless 
place. 


Assemble 
them 
within 
5 
days 
after 
unpacking. 
Storage 
in nitrogen 
gas 
is 
desirable. They can be stored for 20 days 
or less in dry nitrogen gas with a dew 
point 
at 
-30'C 
or lower. 
Unpackaged 
devices must not be stored for over 3 
months. 


7. Take care not to allow condensation dur- 
l 


ingstorage 
due 
to rapid temperature 
changes. 


5. 
Transportation 


As with storage methods, general precau- 
tions for other electronic component parts are 
applicable to the transportation of semicon- 
dQctors, semiconductor-incorporating 
units 
and other similar systems. In addition, the 
following considerations must be taken, too: 
1. Use containers or jigs whch will not induce 
static electricity as the result of vibration 
during transportation. It is desirable to use 
an 
electrically conductive 
container 
or 


\ 


alurninium foil. 


2. Prevent device breakage from clothes-in- 


duced static electricity. 
3. When 
transporting 
the 
printed 
circuit 
boards on which semiconductor devices 
are mounted, 
suitable 
preventive 
mea- 


sures against static electricity induction 
must be taken; for example, voltage built- 
up is prevented by shorting terminal cir- 
cuit. When a conveyor belt is used, prevent 
the conveyor belt from being electrically 
charged by applying some surface treat- 
ment. 


4. When transporting semiconductor devices 
or 
printed 
circuit 
boards, 
minimize 
mechanical vibration and shock. 


Avoid static 
electricity, noise, and 
surge 
voltage 
when 
measuring 
semiconductor 
devices are measured. It is possible to pre- 
vent 
breakage 
by shorting their 
terminal 
circuits to equalize electrical potential during 
transportation. However, when the devices 
are to be measured or mounted, their termi- 
nals are left open providing the possibility 
that they may be accidentally touched by a 
worker, measuring instrument, work bench, 
soldering iron, conveyor belt, etc. The device 
will fail if it touches something that leaks 
current or has a static charge. Take care not 
to allow curve tracers, synchroscopes, pulse 
generators, 
D.C. stabilizing power 
supply 
units, etc. to leak current through their ter- 
minals or housings. 
Especially, while testing the devices, take 
care not to apply surge voltage from the 
tester, to attach 
a clamping circuit to the 
tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 
During measurement, 
avoid miswiring and 
short-circuiting. When inspecting a printed 
circuit board, make sure that there is no sol- 
dering bridge or foreign matter before turn- 
ing on the power switch. 
Since these precautions 
depend 
upon the 
types 
of semiconductor 
devices, 
contact 
Hitachi for further details. 


Surface Mounting Package 
Han- 
dling Precautions 


The most common method used for mounting 
a surface mounting device is infrared reflow. 
Since the package is made of a black epoxy 
resin, the portion of the package 
directly 
exposed to the 
infrared heat 
source will 
absorb heat faster and thus rise in tempera- 
ture more quickly than other parts of the 
package 
unless precautions are taken. As 
shown in the example in figure 1,the surface 
directly facing the infrared heat source is 20' 
to 30'C higher than the leads being soldered 
and 40'·to SO'Chigher than the bottom of the 
package. 
If soldering is performed 
under 
these conditions, package cracks may occur. 


To avoid this type of problem, it is recom- 
mended 
that 
an aluminum infrared 
heat 
shield be placed over the resin surface of the 
package. By using a 2-mm thick aluminum 
heat shield, the top and bottom surfaces of 
the resin can be held to 17S'Cwhen the peak 
temperature of the leads is 240'C. 


The epoxy resin used in plastic packages will 
absorb moisture if stored in a high-humidity 
environment. 
If this 
moisture 
absorption 
becomes 
excessive, there 
will be sudden 
vaporization during sol<;iering,causing the 
interface 
of the 
resin and lead frame to 
spread 
apart. 
In extreme 
cases, package 
cracks will occur. Therefore, especially for 
thin packages, it is important that moisture- 
proof storage be used. 
To remove any moisture absorbed 
during 
transportation, 
storage, 
or handling, 
it is 
recommended that the package be baked at 
12S'Cfor 16 to 24 hours before soldering. 


One method of soldering electrical parts is 
the solder dip method, but compared to the 
reflow method, the rate of heat transmission 
is an order of magnitude higher. When this 


method is used with plastic items, there is 
thermal shock resulting in package cracks 
and 
a 
deterioration 
of moisture-resistant 
characteristics. Thus, it is recommended that 
the solder dip method not be used. 
Even with the reflow method, an excessive 
rate of heating or cooling is undesirable. A 
rate in temperature change of less than 4'C/ 
sec is recommended. 


It is recommended that a resin-based flux be 
used 
during 
soldering. Acid-based 
fluxes 
have a tendency of leaving an acid residue 
which adversely affects product reliability. 
Thus, acid-based fluxes should not be used. 
With resin-based fluxes as well, if a residue is 
left behind, the leads and other package 
parts will begin to corrode. Thus, the flux 
must be thoroughly washed away. If cleans- 
ing solvents used to wash away the flux are 
left on the package for an extended period of 
time, paekage markings may fade, so care 
must be taken. 


The precautions mentioned above are gen- 
eral points to be observed for reflow. How- 
ever, specific reflow conditions will depend 
on such factors as the package shape, printed 
circuit board type, reflow method, and device 
type. For reference purposes, an example of 
reflow conditions for a OFP infrared reflow 
furnace is given in figure 2. The values given 
in the figure refer to the temperature 
of the 
package resin, but the leads must also be 
limited to a maximum of 260'C for 10seconds 
or less. 


Of the reflow methods, infrared reflow is the 
most common. In addition, there is also the 
paper 
phase 
reflow method. 
The recom- 
mended conditions for a paper phase reflow 
furnace are given in figure 3. 
For details on surface mounting small thin 
packages, please consult the separate man- 
ual available on mounting. If there are any 
additional questions, please contact Hitachi, 
Ltd. 
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! 
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~Tl 
(Solder) 


Figure 1 Temperature ProfUeDuring 


Infrared Heat Soldering 
(Ezample) 


140-160"C 
~ 
"'" 
i 
I "'60sec 
I 
1-4"C/sec. 


~ 
1-5"C/sec 


Figure 2 
Recommended Reflow 
Conditions for OFP 


30 sec. max. 


21 5"C ..•...•..•..r----I 


Figure 3 
hample 
Vapor-phase Reflow 


Conditions 


Flat Plastic Package (OFF) Mounting Methods 


Soldering 
-260'C 


(10 seconds) 


(Resin coating) 


~ 


Reflow 
method 
(Spare solder) 


Preheating 
100to 150'C 


(20 seconds) 


Reflow 
235'C 
(10 seconds) 


(Resin coating) 


~ 


Reflow 
method 
(Solder paste) 


Preheating 
100to 150'C 
(20 seconds) 


Reflow 
235"C 


(10 seconds) 


Drivinga liquid crystal at direct current trig- 
gers an electrode reaction inside the liquid 
cell, degrading display quality rapidly. The 
li~' d crystal must be driven by alternating 
cent. 
The AC driving method includes the 


st tic driving method and the multiplex driv- 
ing method, each of which has features for 
different applications.Hitachi has developed 
different LCDdriver devicescorresponding to 
the static driving method and the multiplex 
~ving 
method. 
The 
following sections 


~L4scribethe features of each drivingmethod, 
th~ driving waveforms, and how to apply 
bias. 


Figure 1 shows the driving waveforms of the 
static driving method and an example in 
which 
"4" 
is displayed by the 
segment 


method. The static driving method is the 
most basic method by which good display 
quality can be obtained: However, it is not 
suitable for liquid displays with many seg- 
ments because one liquid crystal driver cir- 
cuit is required per segment. 
The static driving method uses the frame 
frequency (1/tr) of several tens to several 
hundreds Hz. 


Liquid Crystal 
Display 
and Terminal 
Connection 


n=O. 1, 
5 
(n=O, 
1, 
, 7) 


COMo-SEGn+1 


Selected waveform 


COMo-SEGn+1 
--------------- 


Non-selected 
waveform 


The multiplex driving method is effective in 
reducing the number of driver circuits, the 
number of connections between 
the circuit 
and the display cell, and the cost when driv- 
ing many display picture elements. Figure 2 
shows a comparision of the static drive with 
the multiplex drive (1/3 duty cycle) in an 8- 
dight numeric display. The number of liquid 
crystal driver circuits required is 65 for the 
former and 27 for the latter. The multiplex 


drive reduces the number of driver circuits. 
However, greater multiplexing reduces the 
driving voltage tolerance. Thus, there 
are 
limits to the extent of multiplexing. 


There 
are 
two 
types 
of multiplex 
drive 
waveforms: A type and Btype. A type, shown 
in figure 3,is used for alternation in 1frame. B 
type is used for alternation 
in between 
2 
frames (figure 4). B type has better display 
quality than A type in high multiplex drive. 


Static driving 
method 


Multiplex driving 
method 
(1/3 duty cycle) 


~mmoo i--ft!Jj'tbJf 
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: 1 frame 


common~ 


, 


Segment !.... 
...__ .....1 


Figure 3 
A Type Waveforms 
Figure 4 
(1/3 duty cycle, 1/3 bias) 
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B Type Waveforms 
(1/3 duty cycle, 1/3 bias) 


211/2 
Bias, 1/2 Duty Drive 


Inlthe 1/2 duty drive method, 1 driver circuit 
drives 2 segments. Figure 5 shows an exam- 


pIe of the connection to display '4' on a liquid 
crystal display of 7-segment 
type, and the 


output waveforms. 


Liquid Crystal 
Display 


and Terminal 
Connection 
VDD 


COMo 
V, 


V2 


COM, 


VDD 


V, 


COM, 
V2 


COMo 


VDD 


SEGn 
V2 


Fi 
re 5 
Example of Waveforms 
in 1/2 Duty Cycle Drive 
(B type) 
(Example 
of 


HD61602) 


COMo-SEGn 


(Selected waveform) 


COMo-SEGn+, 
(Non-selected 
waveform) 


I 
I 


• 
I 
:..-........ 
l' fra~e 


shows an example of the connection to dis- 
play '4' on a liquid crystal display of 7-seg- 
ment type, and the output waveforms. 
In the 1/3 duty cycle drive, 3 segments are 
driven by 1 segment output driver. Figure 6 
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Liquid Crystal Display 
and Terminal Connection 
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' 
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I 
V2 
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V, 


V2 


V3 
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I 
I, 
I, 
, 
h 
r-~~ 


COMo-SEG~-V, 


(Non-selected waveform): 
..; 
: 


1 frame 
' 


Figure 6 
Example of Waveforms 
In 1/3 Duty Cycle Drive (B type) 
(Example 
of 


HD61602) 
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2.3 1/3 Bias, 1/4 Duty Cycle Drive 


~ the 1/4 duty cucle drive, 4 segments are 
diiven by 1 segment output driver. Figure 7 


shows an example of the connection to dis- 
play '4' on a liquid crystal display of 7-seg- 
ment type, and the output waveforms. 
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Figure 7 
Example 
of Waveforms 
in 1/4 Duty Cycle 
Drive 
(B type) 
(Example 
of 


HD61602) 


Liquid Crystal Driving Methods 
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* Example of LCD II. 
V2 is same voltage 
as V3. 
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I 
2 
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I 
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I 
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~' 


V4 
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I 
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~ 


SEG,v,~II 
m 
__ 
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I 
I 


_--ulm 
I 
I 


: 
I 
VLCD 
I 
----l. 


I 


VCC 


V, 


COM, 
V2(V3) 


V4 
Vs 


VCC 
V, 


SEG2 
V2(V3) 
V4 
Vs 


-VLCD 
I 
I 
I 
I 
I 
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l1!V 
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~' 
III±ctt 
-:::: ~nutuffi 
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Figure 8 
Example 
of Waveforms 
in 1/8 Duty Cycle Drive (A type) (Example 
of LCD- 


II) 


Liquid Crystal Driving Methods 


Between segment 1 
and common 
1 
(Display off) 


~.~~ 
3 
4 
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5 


~'~~ 
8-¢¢>66c~ 


1/8 duty, 
1/5 bias 


Between segment 1 
and common 2 
(Display on) 
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__ n'--- 
----'IL.. 


__ II'--__ 
----'Il__ 
1L.. 


----.JlL-- __ 
----' 
LJlo.....--_ 


Figure 9 
Example of Waveforms 
In 1/8 Duty Cycle Drive (A type) (Example 
of 
HD44100R) 
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: 
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I 
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SEG, 
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I 
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, 
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I 
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I 
I 
I I 
I 
I 
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I 
I 
I 
I 
- 
I 
I 
COM,-SEG, 
(Selected 
waveform) 
- l1,VLCD 
v, =Vcc- 
l1,VLCO 


V2=VCC-%VLCO 
V3=VCC-%VLCO 
V4=VCC-YsVLCO 
Vs=VCC-VLCO 
-VLCO 
• 
I 
I, 


VLCO+----------------- 
----'- ------------~---- 
%VLCD 
I 
I 


l1,VLco~i:' 
_ 
:, 
COM2-SEG, 


(Non-selected 
waveform) 
- l1,VLCO 


-%VlCD 
I 
I 


I 
' 
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! 
1 frame 
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Example 
of Waveforms 
in 1/16 Duty Cycle Drive (A type) (Example 
of LCD- 
II) 


Liquid Crystal Driving Methods 


COM, 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COMe 
COM9 


COM" 
COM,2 
COM'3 
COM'4 
COM'5 
COM'6 
COM17 
COM,e 
COM'9 
COM20 
COM2, 
COMn 
COM23 
COM24 
COM25 
COM26 
COM27 
COM2e 
COM29 
COM30 
COM3' 
COM32 


COM, toSEG, 
(Non-selected 
waveform) 


COM, to SEGe 
~VLCD 


(Selected waveform) 


,, 
, 
,, 
, 
, 
... 
, 
, 
,, 
..._- t- 
:, 
, 
: 


Example 
of Waveforms 
in 1/32 Duty Cycle Drive (Example 
of HD44102CH, 
HD44103CH) 


3. Power 
Supply Circuit for Liquid 
Crystal Drive 


Table 1 shows the relationship between the 
number of driving biases and display duty 
cycle ratios. 


Driving bias is generally generated 
by a 
resistive divider (figure 12). 


by considering operating margin and power 
consumption. Since the liquid crystal display 
load is capacitive, the drive waveform itself is 
distorted 
due to charge/discharge 
current 
when 
the 
liquid 
crystal 
display 
drive 
waveform is applied. Toreduce distortion, the 
resistance value should be decreased but this 
increases the power consumption because of 
the increase of the current through the divid- 
ing resistors. Since larger liquid crystal dis- 
play 
panels 
have 
larger 
capacitance.the 
resistance value must be decreased propor- 
tionally. 


Table 1 
Relationship between the Number of Display Duty Cycle Ratio and the 
Numberof Driving Biases 
D•••• 
y 
duty ratio 


Number of 
driving biases 


Static 


2 
1/2 
1/3 
1/4 
1/7 
1/8 
1/11 1/12 1/14 1/18 1/24 1/32 1/84 


344 
5 
5 
5 
5 
6 
6 
6 
6 
6 
(1/2 bias) (1/3 bias) (1/4 bias) 
(1/5 bias) 


VcC<+5V) 


Vcc 


A 
V, 
A 
V2 
VLCO 
V3 
A 


V. 
A 
Vs 


VA 


-5V 


1/4 
Bias (l/B. 
1/11 
duty cycle) 


cc 


Vcc 
-~ 
A 


V, 
A 
V2 
A 
V 
V3 
A 
V. 
R 
Vs 


~A 
/. 


I 
J is efficient to connect a capacitor to the 
resistors in parallel as shown in figure 13 in 
order to improve charge/discharge 
distortion. 
~owever, the effect is limited. Even if it is 
attempted to reduce the power consumption 
"Io'jrith 
a large resistor and improve waveform 
ciFtortion with a large capacitor, a level shift 
<>fcursand the operating margin is not im- 
proved. 
Since the liquid crystal display load is in a 
matrix configuration, the path of the charge/ 
discharge current through the load is com- 
rl----------- 


plicated. Moreover, it varies depending 
on 
display condition. Thus, a value of resistance 
cannot be simply determined from the load 
capacitance of liquid crystal display. It must 
be experimentally determined 
according to 
the demand for the power consumption of 
the equipment 
in which the liquid crystal 
display is incorporated. 
Generally, R is 1kOto 10kO,and VRis 5kOto 
50 kO.No capacitor is required. A capacitor of 
0.1uF is usually used if necessary. 


Vcc 


R 
V, 


R 


Vz 
R 


V3 
R 


V. 
R 


Vs 
V 
VR/. 


Common/segment 
selected 
high level 
C 


Common 
non-selected 
high level 


C 


Segment 
non-selected 
high level 
C 


Segment 
non-selected 
low level 


C 


Common 
non-selected 
low level 
C 


Common/segment 
selected 
low level 


Large C and R cause 
a level shift. 


~i 
re 13 
Example 
of Capacitor 
Connection 
for Improvement 
of Liquid 
Crystal 
Display Drive Waveform Distortion (1/5 bias) (Example of LCD-II) 


In graphic displays, the size of the liquid 
crystal becomes larger and the display duty 
ratio becomes smaller, so the stability of liq- 
uid crystal drive level is more important than 
in small display system. 
Since the liquid crystal for graphic displays is 
large and has many picture elements, the 
load capacitance 
becomes large. The high 
impedance 
of the power supply for liquid 
crystal drive produces distortion in the drive 
waveforms, and degcades 
disiplay quality. 
For this reason, the liquid crystal drive level 
impedance should be reduced with opera- 
tional amplifiers. Figure 14shows an example 
of an operational amplifier configuration. 


No load current flows through the dividing 
resistors because of the high input impedan- 
ce of the operational amplifiers. A high resis- 
tance of R = 10 kO and VR = 50 kO can be 
used. 


3.3 Generation 
of Liquid Crystal 
Drive 
Levels in LSI 


drive level may be incorporated in the LSI, 
such as one for a portable calculator with 
liquid crystal display. 
HD61602,HD61603for small display systems 
has a built-in power suply circuit for liquid 
crystal drive levels. 


The LCD driver LSI has two types of power 
supplies: the one for logical circuits and the 
other for the liquid crystal display drive cir- 
cuit. The power supply system is complicated 
because of several liquid crystal drive levels. 
For this reason, in the power supply design, 
take care not to deviate from the voltage 
range assured in the maximum rating at the 
rise of power supply and from the potential 
sequence of each power supply. If the input 
terminal level is indefinite, through current 
flows and the power consumption increases 
because of the use of CMOS process in the 
LCDdriver. 
Simultaneously, 
the potential sequence 
of 
each power supply becomes wrong, which 
may cause latch-up. 


Common/segment 
selected 
high level 


R 
•.. 
v 
Common 
non-selected 
high level 


R 
1'0.. 
v 
Segment 
non-selected 
high level 
R 
•.... 


R 
v 
Segment 
non-selected 
low level 


•.... 
Common 
selected 
low level 
R 
~v 
Common/segment 
selected 
low level 
VR 
Contrast 
adjustment 
For liquid crystal drive logic circuits 


Data Sheets 


~D44100R 


LCD Driver with 40-Channel Outputs) 


- 
Preliminary 
- 


'l1he HD44100R has 
two 
sets 
of 20-bit 
bidir- 
ectional 
shift registers, 
20 data 
latch 
flipflops 
and 20 liquid crystal 
display 
driver circuits. 
It 
receives 
serial 
display 
data 
from 
a display 
control 
LSI, converts 
it into parallel 
data 
and 
supplies 
liquid 
crystal 
display 
waveforms 
to 
the liquid crystal. 
The 
HD44100R 
is 
a 
highly 
general 
liquid 
qystal 
display 
driver which 
can drive a static 
dtive liquid crystal and a dynamic 
drive liquid 
cfYstal, 
and 
can 
be 
applied 
as 
a common 
driver or segment 
driver. 


~R~;:;R 
:::l;e"a"li 
»>>-> 
»»» 
Il 
~::l 


~~ 
.;.:;»~ 
• 
Liquid 
crystal 
display 
driver 
with 
serial! 


parallel 
conversion 
function 
• 
Serial transfer 
facilitates 
board 
design 
• 
Capable 
of interfacing 
to 
liquid 
crystal 
display 
controllers: 
HD43160AH, 
LCTC 
(HD61830/61830B), 
LCD- II 
(HD44780S, 
HD44780U), LCD-IIA 
(HD66780), 


LCD-II/E 
(HD66702), 
LCD-ill (HD44790), 
HD66710 
• 
40 internal 
liquid crystal 
display 
drivers 
• 
Internal 
serial/parallel 
conversion 
cir- 
cuits: 
-20-bit 
shift register 
x 2 
-20-bit 
data 
latch x 2 
• 
Display bias: Static to 1/5 
• 
Power 
supply: 


-Internal 
logic: Vcc=2.7 
to 5.5V 
-Liquid 
crystal 
display 
driver 
circuit: 


VCC-VEE=3 to 13V 
• 
Separation 
of internal 
logic 
from 
liquid 
crystal 
display 
driver 
circuit 
increases 
applicable 
controllers 
and 
liquid 
crystal 


types 
• 
CMOS process 


~NO. 
H 44100RFS 


HCD44100R 


Vcc (VI 


2.7 to 5.5 


2.7 to 5.5 


Package 


60-pin Plastic QFP (FP-60A) 


Chip 


VCC-VEE (VI 


3 to 13 


3 to 13 


Shift 
direction 


Data 


V1, V2 
V3, V4 


Shift 
direction 


20-bit 
bidirectional 
shift register 


Switching 
circuit 


M 


V1, V2 
V5,V6 


SHL1 


DR1 


DR2 


SHL2 


Absolute Maximum Ratings 


1t8m 
Symbol 


Supply 
Logic 
Vcc·' 


voltage 
LCDdrivers 
Vee·2 


Input voltage 
Vr, • , 


Input voltage 
Vr2·3 


Operatingtemperature 
Topr 


Storagetemperature 
T019 


Value 


- 0.3 to + 7.0 


Vcc - 
15.0 to Vcc + 0.3 


- 0.3 to Vcc + 0.3 


Vcc + 0.3 to Vee- 0.3 


- 20 to + 75 


- 
55 to + 125 


Notes: * 1 
All voltage values are referred to GND. 
* 2 
Connect a protection resistor of 220 0 ± 5 % to Veepower supply in series. 
*3 
Applies to V,to Va. 


Unit 


V 


V 


V 


V 


·C 


·C 


,lectriCal Characteristics 


(Vcc = 2.7 to 5.5 V, Vcc - 
Va = 3 to 13 V, GND = 0 V, T. = - 20 to + 75'C) 


Item 
Symbol 
AppIicebIe Terminals 
Min 
Typ 
Max 
Unit Test Condition 


Input voltage 
VIH 
CL1, C12, DL1, D12, 
0.7 Vee 
Vee 
V 
Vee=4.5 
to 5.5V 


DR1, DR2, M, SHL1, 
0.8 Vee 
Vee 
V 
Vee=2.7 to 4.5V • 


VIL 
SH12, FCS 
0 
0.3 Vee 
V 
Vee=4.5 to 5.5V 


0 
0.2 Vee 
V 
Vee=2.7 
to 4.5V 


O~tPut voltage VOH 
DL1, D12, DR1, DR2 
Vce-0.4- 
V 
IOH= - 
0.4 mA 


VOL 
0.4 
V 
IOL= + 0.4 mA 


On resistance 
RON 
*1 
20 
kO 
±Id = 0.05 mA, VCC-VEE=4V 


Input leakage 
IlL 
CL1, C12, DL1, D12, 
- 
5.0 
5.0 
p.A 
\l;n = 0 to Vee 
current 
DR1, DR2, M, SHL1, 
SH12, FCS, NC 


V leakage 
IVL 
*2 
- 
10.0 
10.0 
p.A 
Vin = Vee to VEE 
C rrent 


Power supply 
Ice 
*3 
1.0 
mA 
fel2 = 400 kHz 
current 


leE 
10 
p.A 
fell 
= 1 kHz 


Notes: 
*1 
Applies to the resistance between 
\I; and Vi when a current ± Id = 0.05 
mA flows through 


all of the Y pins. 
*2 
Output 
Y1 to Y40 open. 


*3 
Input/output 
current 
is excluded; 
when 
input 
is at the intermediate 
level with 
CMOS, 


excessive current flows through 
the input circuit to the power supply. To avoid this, input 
level must be fixed at high or low. 


HD44100R 


Timing Characteristics 


(Vcc = 2.7 to 5.5 V, Vcc - 
Va = 3 to 13 V, GND = 0 V, T. = - 20 to + 75'C) 


Item 
Symbol 
Applicable 
Terminal. 
Min 
Typ 
Max 
Unit 
Teat Condition 


Data shift 
fel 
CL2 
400 
kHz 
frequency 


Clock 
high level 
tewH 
CL1, CL2 
800 
ns 


width 
Low level 
tewl 
CL2 
800 
ns 


Data set-up time 
tsu 
DL1, DL2. DR1, DR2, 
300 
ns 
FLM 


Clock set-up time 
tsl 
CL1. CL2 
500 
ns 
(CL2--+CL1) 


Clock set-up time 
tLS 
CL1. CL2 
500 
ns 
(CL1--+CL2) 


Data delay time 
tpd 
DL1, DL2. DR1, DR2 
500 
ns 
Cl = 15 pF 


Clock rise/fall time tel 
CL1. CL2 
200 
ns 


Data hold time 
tOH 
DL1. DL2, DR1. DR2. 
300 
ns 
FLM 


Data 
in 


(DL 1. DL2. 
DRI. 
DR2) 


Data out 


(DLI. 
DU. 
DR!. 
DR2) 


~ 


el 


S 
I 


I me 


V~c 
G~D 
~I 


Input/ 
Output 
Connectedto 


power supply 


Power supply 


Power supply 


Number 
of Linea 
Function 


Power supply for logical circuit 


OV 


Power supply for liquid crystal display drive 
E 


Y -Y20 
20 
Output 
Liquid crystal 
Liquid crystal driver output (Channel 1) 


Y l-Y40 
20 
Output 
Liquid crystal 
Liquid crystal driver output (Channel 2) 


V, 
V2 
2 
Input 
Power supply 
Power supply for liquid crystal display drive (Select level) 


V, 
V4 
2 
Input 
Power supply 
Power supply for liquid crystal display drive (Non-select 
level for channel 1) 


V, 
Ve 
2 
Input 
Power supply 
Power supply for liquid crystal display drive (Non-select 
level for channel 2) 


SHL1 
1 
Input 
Vcc or GND 
Selection of the shift direction of channel 1 shift register 


SHL1 
DL1 
DR1 


Vcc 
Out 
In 


GND 
In 
Out 


S~L2 
1 
Input 
Vcc or GND 
Selection of the shift direction of channel 2 shift register 


SHL2 
DL2 
DR2 


Vcc 
Out 
In 


GND 
In 
Out 


o 1, DR1 
2 
Input/ 
Controller 
Data input/output 
of channel 1 shift register 
output 
or HD44100R 


Di.2, DR2 
2 
Input/ 
Controller 
Data input/output 
of channel 2 shift register 
output 
or HD44100R 


M 
1 
Input 
Controller 
Alternated signal for liquid crystal driver output 


C 1 
1 
Input 
Controller 
Latch signal for channel 1 (~) 
*1 
Used for channel 2 when FCS is GND 


ci.2 
1 
Input 
Controller 
Shift signal for channel 1 (~) 
*1 


Used for channel 2 when FCS is GND 


F S 
1 
Input 
Vcc or GND 
Mode select signal of channel 2. FCS signal exchanges the 
latch signal and the shift signal of channel 2 and inverts M 
for channel 2. Thus, this signal exchanges the function of 
channel 2. 


Channel 2 


FCS Level 
Latch signal 
Shift signal 
M Polarity 
Function 


Vcc 
CL2 
--...l 
CL1 
.......1 
M 
For common drive 


GND 
CL1 
~ 
CL2 ~ 
M 
For segment drive 


*1 
*1 
*2 


N 
1 
Don't connect any wires to this terminal. 


~otes: 
*1 
-.J" and ~ 
indicate the latches at rise and fall times 
res ectivel 
. 
,p 
y 


* 2 
The output 
level relationship 
between 
channel 
1 and channel 2 based on the FCS signal 
level is as follows: 
. 


• 


Output 
Level 


FCS 
Datil 
M 
Channel 1 (y,-Yzol 
Channel 2 (Yz,-Y401 


1 
V, 
V2 


Vcc 
(Select) 
0 
V2 
V, 


(1) 
0 
V3 
Vs 


(Non-select) 
0 
V4 
V5 


1 
1 
V, 
V, 


GND 
(Select) 
0 
V2 
V2 


(0) 
0 
V3 
Vs 


(Non-select) 
0 
V4 
Ve 


1 and 0 indicate high and low levels, respectively. 


case, both channel 1 and channel 2 shift data 
at the fall of CL2and latch it at the fall of CU. 
V3 and Vs, V4 and Vs of the liquid crystal 
display driver power supply are short-cir- 
cuited, respectively. 


When the HD44100R is used as a segment 
driver, FCS is set to GNDto transfer display 
data with the timing shown in figure 2.In this 


7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
n 
n 


I 
I 
H 
CLl 
Output of 
latch 
(Y,-Y4Q) 


CLl 
n 


Shift 


CL2 
~------uL.JlJULJ 


DL1/DRl 
~-----~ 


DL2/DR2 
~-----~ 


display data with the timing shown in figure 
3. 
In this case, channel 2 shifts data at the rise of 
CLl and latches it at the rise of CL2. Channel 
1 shifts and latches as shown in figure 2. 


~ this case, channel 1 is used as a segment 
~ver 
and channel 2 as common driver. 
~en 
channel 
2 of HD44100R is used 
as 
c Immon driver, FCS is set to Vcc to transfer 


8 r-,-' 2 
3 
4 
5 
6 
7 
8 
1 
2 
DL2/DR2(FLM~ 
:n I 
n 
I shift41------------' 
L- 
_ 
~y 
I 
I 
I 
I 
,/ n 
Non-select 
I""l.- 
! 
SelectL-----------~Select 
/ 
O.~ 
__ 
='='N:_:o:_n--s-e-le-ct--------In 
: 
Select 
No~=-sel9ct------r___. Select 
: n 
!! 
: 
Select 
Select·L---- 


Enlarged 
view\ 


\ 


DL2/DR2(FLM) 
'- 


I 
Shift 
~ 
-.Jn,-__ 
Latch~==--~ 


FilJUre3 
Common Data Waveforms (A Type Waveforms of Channel 2, 1/8 Duty 
Cycle) 


Both Channel 1 and Channel 2 Used 8S 
Common Drivers (FCS = GND) 


When both of channel 1 and channel 2 of 
HD44100Rare used common drivers, FCS is 
set to GND and the signals (CL1,CL2, FLM) 
from the controller are connected as shown in 
figure 4. 
In this case, connection of the liquid crystal 
display driver power supply is different from 
that of segment driver, so refer to figure 4. 
• 
Vt, V2: Select level of segment and com- 
mon 
• 
V3, V4: Non-select level of segment 
• 
V6, Vs:Non-select level of common 


When the HD44100R is used in the static 
drive method (figure 5),data is transferred at 


the fall of CL2 and latched at the fall of CL1. 
The frequency 
of CL1 becomes the frame 
frequency of the liquid crystal display driver. 
The signal applied terminal M must have 
twice the frequency of CL1and be synchron- 
ized at the fall of CL1.The power supply for 
liquid crystal display driver is used by short- 
circuiting Vt, V4 and Vs, and V2, V3, and 
V6 
respectively. 
One of the liquid crystal display driver output 
terminals can be used for a common output. 
In this case, FCS is set to GND and data is 
transferred so that 0 can be always latched in 
the latch corresponding to the liquid crystal 
display driver output ~erminal used as the 
common output. 
If the latch signal corre- 
sponding to the segment 
output 
is 1, the 
segments 
of LCD light. They also light for 
common side = 1,and segment side O. 


Controller 
(HD43160AH) 
etc. 


CL2 ~ 
:;~ 
Cll 
••. ~~ 
Y,-Y40 


Dll 
Common 
l;)Rl driver 
DL2 
DR2 
,;,;,;»> 


HD44100R 
Segment 
driver 


HD44100R 
Segment 
driver 


~1-_------------------H-D-4-4-10-0-R 


First 
Second 
Tenth 
figure 
figure 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - figure 
8 
n 
I~- 
no 


..,.--- 
40-rSEG4,-SEG80 


Y,-Y40 


...,- 
40 -r- SEG,-SEG40 


Y,-Y40 
DR,fu 
DL, 


DL2 
~ 
FCS 
HD44100R 
DR2 
~ 
SHL, 
VEE I-- 
~ 
SHL2 
IDL, 
,- 
FCS 
0- SHL, 
0- SHL2 


d a ~ 
I I 
I 
I I 


Vcc 
GND 


Figure 5 
Static Drive Connection 


T 
g Chart of Input Waveforms 


1 
2 
3 
78 
79 
80 


CL2--.IlJLJL 
I"lSUL- 
(Shift Clock) 


o 
X;EG8*EG7~SEG78"""" 
~ 
(Display Data) 
~l:onO:off 


CL, 
IL 
(Latch Clock) 


N tes: 
1. 
Input square waves of 50% duty cycle (about 
30-500 
Hz) to M. The frequency 
depends 
on the specifications 
of LCD panels. 
2 
The drive waveforms 
corresponding 
to the 
new displayed 
data are output 
at the fall of 
CL1 . Therefore, 
when the alternating 
signal 
M and CL1 do not fall synchronously, 
DC 
elements 
are produced 
on 
the 
LCD drive 
waveforms. 
These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently 
changes 
(e.g. 
display 
of 
hours, 
minutes, 
and seconds of a clock). 
To avoid 
HITACHI 


this, 
have CL1 fall synchronously 
with 
the 
one edge of M. 
3. 
In this example, the CMOS inverter is used as 
a COM signal driver in consideration 
of the 
large display area. (The load capacitance 
on 
COM is large because it is common 
to all the 
displayed segments.) 
Usually, one of the HD441 ooR outputs 
can 
be used as a COM signal. The displayed data 
corresponding 
to the terminal should be 0 in 
that case. 


• 


39 
40 
CL2-fLJlJ--------~ 


D~-----~ 


\. 
J 
L 


y 
~ 
Data transformed 
Data 0 corresponding to 
to Y2 to Y40 
Y, (COM signal) 


CL, 
...JIL 


MD66100F------- 
(LCD Driver with SO-Channel Outputs) 


-rhe 
HD66100 description 
segment 
driver 
with 80 LCD drive circuits is the improved 
version of the no longer current 
HD44100H 


LCD driver with 40 circuits. 
It is composed of a shift register, an 80-bit 
la,tch circuit, and 80 LCD drive circuits. Its 
~terface 
is compatible with the HD44100H. 


It reduces the number of LSI's and lowers the 
cost of an LCD module. 


••\ LCDdriver with serial/parallel converting 
function 
Interface compatible with the HD44100H; 
connectable 
with HD43160AH, HD61830, 


I 


HD61830B, LCD-U (HD44780), 
LCD-lll 
(HD44790) 
• 
Internal output circuits for LCD drive: 80 
• 
Internal 
serial/parallel 
converting 
cir- 
cuits: 
-aO-bit 
bidirectional shift register 


-aO-bit 
latch circuit 
.\ 
Power supply 
-Internal 
logic circuit: +5 V ±10% 


-LCD drive circuit: 3.0 V to 6.0 V 
• 
CMOS process 


Table 1 shows the main differences between 
HD66100 and HD44100H. 


Table1 
Deffences between Products 
HD66100 and HD44100H 


HD661 00 
LCDDriveOutputs80 x 1 Channel 
SupplyVoltage 
3 to 6 V 
for LCDDrive 
Circuits 
Multiplexing 
DutyRatio 
Package 


HD44100H 
20 x2 channels 
4.5 to 11 V 


staticto 1/32 
duty 
6o-pin 
plasticOFP 


Staticto 1/16 
duty 
100-pin 
plasticOFP 


Type No. 
HD66100F 
HD66100FH 
HD66100D 


PIICkege 
100-pinplasticOFP(FP-100) 
100-pinplasticOFP(FP-100B) 
Chip 


;;::lR;lXX;;~X~;;'::t:,;"St 
J~~;;;~J;JJ~~JJJJ~~J~J;~~ 
»»»»»»»»»» 


II 
II 
II 
II 
II 
II 
II n 
II 
II 
11111111111111111111 


V•• 
, ~ ••• 
I •• =.;; ••••••••• 
;;., 
V" 
8::1~:I:::~f;:;; i::::;:::: ~~;;Ii ~ ~::::e 
v. 
1 - 
7. 
V. 
V" 
, 
" 
V" 
V" 
2 
7. 
V. 


V" , 
" 
V" 
V" 
" 
V•• 
V. 
3 
73 
V. 


V" · 
" 
V" 
V. 
• 
72 
V" 


V" · 
" 
V" 
V. 
• 
71 
V. 


V" 
, 
V" 
V. 
• 
70 
V. 


V,. · 
" 
V" 
V. 
7 
.9 
v. 


V" · 
" 
V" 
V" 
• 
•• 
V" 


V" 
" 
V., 
V. 
9 
.7 
Va 


V", 
" 
HD66100F 
,. 
V" 
V" 
10 
•• 
Va 
V" 
" 
.. 
V" 
V" 
" 
" 
V" 
V" 
11 
HD66100FH 
•• 
V. 


V" 
" 
(FP-l00) 
V•• 
V" 
12 
•• 
V. 


V" 
" 
" 
V•• 
V" 
13 
(FP-l00B) 
03 
V. 


V" 
" 
.. 
V•• 
V" 
,. 
02 
V" 


V" 
" 
.. 
V" 
V" 
,. 
., 
V• 


V" 
" 
V•• 
V" 
,. 
00 
V. 


V" 
" 
" 
'Y•• 
V" 
17 
.9 
V. 
V" 
'" 
V,. 
V" 
,. 
•• 
V" 
V,O " 
., 
V" 
V" 
19 
'7 
V. 
V. " 
" 
V" 
V. 
" 
" 
V" 
V, 
20 
•• 
v" 


V, " 
V" 
V, 
21 
•• 
VH 


V. " 
" 
V" 


V, 
22 
54 
V. 


V. " 
" 
V" 
V, 
23 
03 
V. 


V. " 
.. 
V" 
V. 
2. 
02 
V. 


V, " 
" 
V" 
V, 
2. 
" 


V. 


V, 
" 
" 
V" 
~ ::; ~ ~ ~ ;;; ~.::: 
~ ~ ~ ~ ~ ~ ~ ; 
~ ; 
; 
~ ~ ; 
~ ~ :z 


V, .. 
V., 


111111111111111111 
•• ;:tR;ljXX;;XX~;;'::t:,;"St 


I n I n 
n n I n II II 
II II n II 
II II 
II 
I 
~~~~>~~~~a~3a~8~~~l~~~~~/ 
~»»~d~~aog~~~~~~~~ 


(Top View) 


Pin Description 
vl, GND, Va: 
Vcc supplies power to the 


in~emal logic circuit. GND is the logic and 


~ 


ve 
ground VEEsupplies power to the LCD 


ve circuit. 


~ 
V2.V3.and V.•: VIto V4supply power for 
Ivin9 an LCD (figure 2). 


CL1: HD66100 latches data at the negative 
edge of CL1. 


CIf2:HD66100receives shift data at the neg- 
at~ve edge of CL2. 


II: Changes LCD drive outputs to AC. 


DO: Output data from the shift register. 


SHL: Selects a shift direction of serial data. 
When the serial data is input in order of Dl.D2. 
...•D79.D80.the relation between the data and 
the output Y is shown in table 3. 


y1-Y80: Each Youtputs one ofthe four voltage 
levels-VI. V2.V3.or V4-according to the com- 
bination of M and display data (figure 2). 


NC: Do not connect any wire to these termi- 
nals. 


~--------- 


~ 
PinNo. 
PinName 


Vcd 
46 
Vcr. 
GNO 
36 
Ground 


Vee 
31 
Vee 
~I 
32 
V, 


~ 
33 
V2 


V3 
34 
V3 


V4 
35 
V4 


ccqL 
37 
Clock 1 
ru 
40 
Clock 2 


M 
i 
44 
M 


41 
Date In 
42 
Date Out 
39 
Shift Left 


1-30,51-100 
Y,-Yeo 
38,43,45,47-50 No Connection 


01 
DO 


SHL 
v,·feo 
NC 


Table 3 
RelaUon 
Between 
SHL 
and 


Data Output 


SHL 
Y, 
Yz 
Y3......Yn 
Yao 


High 
01 
02 
03 ...... 
079 
080 


Low 
080 
079 
078 ..... 
02 
01 


M-.l 


o 


VIoultput I.. _I_ -I- 
-I.. 
-I 


eve 
V, 
V3· 
V2 
V.• 


When used as a common 
driver 


.-n-.:==:: 


---.J 
~-=-----V2 


V,. V2: Selected level 
V3. V.•: Non-selected 
level 


Figure 
2 
Power 
Supply for Driving 
an LCD 
HITACHI 


Select one of four levels of voltage V 1, V2,V3, 
and V4for driving a LCDand transfer it to the 
output terminals according to the combina- 
tion of M and the data in the latch circuit. 


Latches the data input from the bidirectional 
shift register at the fall of CLl and transfer its 
outputs to the LCDdrive circuits. 


Shifts the serial data at the fall of CL2 and 
transfers the output of each bit ofthe register 
to the latch circuit. When SHL = GND, the 
data input from DIshifts from bit 1to bit 80 in 
order of entry. On the other hand, when SHL 
= Vcc,the data shifts from bit 80 to bit-l. In 
both cases, the data of the last bit of the 
register is latched to be output from DO at 
the rise of CL2. 


LCD 
drive 
outputs 


Yl Y2 
Y79 Y80 
······ 


Latch circuit 
······ 


Shift 
register 


LCD 
drive 
outputs 


Yl Y2 
Y79 Y80 
······ 


Latch circuit 
······ 


Shift 
register 


DO 


SHL=Vcc 


VI, V2, V,. Vc4 
(power supply (or 
LCD drive circuit) 


CL2 
SHL 


(shift cloc:k) 
(selects 


a shift direction) 


• 


Primary Operations 


Sh1ft1ng Data 
negative edge of the latch clock CL1.Thus. 
the 
outputs 
Yt-Y80 
change 
synchronously 
with the fall of CL1. 
The input data DIshifts at the fall of CL2and 
the data delayed 80 bits by the shift register 
is output from the DOterminal. The output of 
DO changes synchronously with the rise of 
CL2.This operation is completely unaffected 
by the latch clock CL1. 


When the shift direction switching 
signal 
SHL is connected with GND. the data D80. 
immediately before the negative edge of CL1. 
is output from the output terminal Yt. When 
SHLis connected with Vcc.it is output from 
Yeo. 


JULrL 
~ 
__ 
~rL 
--'[ 


Latch dock 
eLl 


YI 


Output. 
to 


Y80 


SHL=Ycc 


YI 


Outputs 
to 


Y80 


___ 
--f1- 
--_ 
.••••••...•.•.••.•.•..............••••••.••.•.•.•.--~ 
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HD66100F 


Absolute Maximum Ratings 


ItINn 
Symbol 
Rringa 
Unit 
Note 


Supply 
Logic Circuits 
Vce 
-0.3 
to +7.0 
V 
*1 
Voltage 
LCD Drive Circuits 
Vec-VEE 
-0.3 
to +7.0 
V 


Input Voltage (1) 
Vn 
-0.3 
to Vee + 0.3 
V 
*1 


Input Voltage (2) 
Vr2 
Vee+ 0.3 to \leE- 0.3 
V 
*2 


Operation Temperature 
Top< 
-20 
to +75 
·C 


Storage Temperature 
Tatg 
-55 
to +125 
·C 


* 1 A reference point is GND (= 0 V) 
*2 Applies to V, -V4. 
Note: 
If used beyond the absolute maximum ratings, 
LSls may be permanently 
destroyed. 
It is best to 
use them at the electrical 
characteristics 
for normal operations. 
If they are not used at these 
conditions, 
it may affect the reliability 
of the devic;e. 


Electrical Characteristics 


IQC Characteristics 
(Vee = 5 V ± 10%, Vee-Vo=3.0 
to 6.0 V, GND = 0 V, T. = -20 
to +75·C) 
IL 
Symbol 
Termlna" Min. 
Typ. 
Max. 
Unit Ten condition 


Input High Voltage 
VIH 
CL1, CL2 
0.8 x Vcc- 
Vcc 
V 


l"rut 
Low Voltage 
Vil 
M, 01, SHL 0 
0.2 x VccV 


0ptput High Voltage 
VOH 
DO 
Vcc-0.4 
- 
V 


Output Low Voltage 
VOL 
0.4 
V 


On Resistance 
RON' 
11 
kO 
Vi-Vj 
Y,-Yao 
---- 
RON2 
V,-V4 


CL1, CL2, 
-5.0 
M, 01, SHL 
V,-V4 
-5.0 
Vii LeakageCurrent 


C~rrent Dissipation 
IGNO 


lee 


IOH= -0.4 
mA 


IOl = +0.4 mA 


ION = 0.1 mA to 
one Y terminal 


ION= 0.05 mA to 
eaehY terminal 


Vin= 0 V to Vcc 


Output Y,-Yao open 
Vin = Vcc to Vee 


fCL2= 1.0 MHz 


fCLl = 2.5 kHz 


Input/output 
currents are excluded; when an input is at the intermediate level in CMOS,.excessive 
current flows from the power supply through the input circuit. 
To avoid this, VIHand Vil must be fixed at Vcc and GND level respectively. 


AC Characteristics 
(,cc = 5 V ± 10%, Vee-Vo 
= 3.0 to 6.0 V, GND = 0 V, T. = -20 
to +75·C) 
I.", 
Symbol 
Termina" 
Min. 
Typ. 
Max. 
Unit 
Note 
O~taShift Frequency 
fCl 
CL2 
1 
MHz 


Clock High levelWidth 
tewH 
CL1,CL2 
450 
ns 


CI~ck Low levelWidth 
tewl 
CL2 
450 
ns 


O~ 
Set-Up Time 
fsu 
01 
100 
ns 


Clock Set-Up Time (1) 
tsl 
CL2 
200 
ns 
·1 


Clock Set-Up Time (2) 
tLS 
CL1 
200 
os 
·2 


0l.l!put DelayTime 
lpd 
DO 
250 
os 
·3 


Data Hold Time 
tOH 
01 
100 
ns 


ClOCkRise/FallTime 
fCT 
CL1,CL2 
50 
ns 


·1 Set-up time from the fall of CL2 to that of CL1. 
·2 Set-up time from the fall CL1 to that of CL2. 
·3 Test terminal 


CL (Load capacitance 
on outputs) 
= 30pF 
(Includ'lng 
jig capacitance) 


ypical Applications 


onnection 
with the LCD Controller 
H044780 


SEGl- 


SEG.O 


D 


SEGI- 


SEG40 
40 


D 


eND 
(r;LcDuPl~rYe) 


• 


Ru 
Ru 
R •• 


OND 
V, 
V. 
v. 
HD44790 
Vcc 
-v 
(r:;LcDP1~rve] 


COM signal nn 
n 
I~ I~ 
I~ 


CMOS 
{:r 
SEGl- 
SEGBO 
inverter 


Dl 
VI-Vao 
DO 


- 
SHL 
HD66100F 
aa:E~~~·»» 


I 


Figure 12 Example of Connection (SO-segmentdisplay) 
HITACHI 


~ 
ruLIL- 


Inputda 
•• 
DI 
~ 
•••••••• 
~ 
______ 
11- 


Nr'tes: 
1 
Input square waves of 50% duty cycle (about 
30-500Hz) 
to M. The frequency 
depends on 
the specifications 
of LCD panels. 
2 
The drive 
waveforms 
corresponding 
to 
the 
new displayed 
data are output 
at the fall of 
CL1. Therefore, 
when the alternating signal M 
and CL1 do not fall synchronously, 
DC ele- 
ments 
are 
produced 
on 
the 
LCD 
drive 
waveforms. 
These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently 
changes 
(e.g. 
display 
of 
hours, 


minutes, 
and seconds 
of a clock). 
To avoid 
this, 
make CL1 fall synchronously 
with 
the 


-one edge of M. 
3. In this example, the CMOS inverter is used as 
a COM signal driver 
in consideration 
of the 
large display area. (The load capacitance 
on 
COM is large because it is common 
to all the 
displayed segments.) 
Usually, 
one of the H0661 OOF outputs 
can 
be used as a COM signal. The displayed data 
corresponding 
to the terminal should be 0 in 
that case. 


Jl.IU 
IU"l- 


::x=:x= ~ 
"~-----~v~ 
~1 
, 


Data transferred to Va-V.. 
d.~~c~~r:~:::~;nl 
to 
_____ 
rL 


HD61100A------ 
(LCD Driver with SO-Channel Outputs) 


The HD61100A 
is a driver LSI for liquid crystal 
display systems. It receives serial display data from 
a display control LSI, HD61830. etc., and generates 
liquid crystal driving signals. 


It 
has 
liquid 
crystal 
driving 
outputs 
which 
correspond 
to internal 80-bit flip/flops. 
Both static 
drive and dynamic 
drive are possible 
according 
to 
the combination 
of transfer 
clock frequency 
and 
latch clock frequency. 


Type 
No. 


HD61100A 


Package 


1DO-pinplastic QFP(FP-1 00) 


Liquid crystal display driver with seria1/parallel 
conversion function 
Internal liquid crystal display driver: 80 drivers 
Display duty cycle 
Any 
duty 
cycle 
is selectable 
according 
to 
combination of transfer clock and latch clock 
Data transfer rate: 2.5 MHz max. 
Power supply 
Vcc: 
VCC-VEE: 
+5 V ± 10% (lntemallogic) 
5.5 to 1.7 V (Liquid 
crystal 
display driver circuit) 
Liquid crystal driving level: 17.0 V max. 
CMOS process 


Absolute Maximum 
Ratings 


Item 
Symbol 
Value 
Unit 
Note 


Supply voltage (1) 
Va; 
-0.3 
to +7.0 
V 
2 


Supply voltage (2) 
VEE 
Vee - 19.0 to Vee + 0.3 
V 


Terminal voltage (1) 
Vn 
- 0:3 to Vee + 0.3 
V 
2,3 


Terminal voltage (2) 
Vr2 
VEE- 0.3 to Vee + 0.3 
V 
4 


Operating temperature 
Topr 
-20to+75 
·C 


Storage temperature 
Tstg 
-55to+125 
·C 


lSls may be permanently destroyed 
if used beyond the absolute maximum ratings. In ordinary 
operation, 
it is desirable to use them within the limits of electrical characteristics, 
because 
using it beyond these conditions may cause 
malfunction and poor reliability. 
Allvoltage values are referred to GND • 0 V. 
Applies to input terminals, FCS, SHl, Cl1, Cl2, Dl, DR, E, and M. 
Applies to V1L, V1R, V2L, V2R, V3L, V3R, V4L and V4R. Must maintain: 
Va; ~ V1L = V1R ~ V3L. V3R ~ V4l= V4R~ V2L. 
V2R~ VEE. 
Connect a protection resistor of 15 n ± 10% to each terminals in series. 


Ijin Arrangement 


I 


• 


HD61100A 


Electrical Characteristics 


DC 
Characteristics 
(Vcc 
= 5 V ± 10%, 
GND 
= 0 V, VCC-VEE 
= 5.5 
to 
17 V, Ta = -20 
to 
+75°C) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 
Note 


Input high voltage 
W-t 
0.7xVex; 
Vex; 
V 
1 


Input low voltage 
VIL 
0 
0.3 x Vex; 
V 
1 


Output 
high voltage 
VOH 
Vex;-Q.4 
V 
IOH= - 400 IlA 
2 


Output 
low voltage 
Vo... 
0.4 
V 
10...= +400 IlA 
2 


Driver 
resistance 
Pol 
7.5 
kQ 
VEE =-10 
V. 
3 
Load current = 
10011A 


Input leakage 
current 
hl1 
-1 
+1 
IlA 
VIN = Oto Vex; 
1 


Input leakage 
current 
hL2 
-2 
+2 
IlA 
VIN= VEEto Vex; 
4 


Dissipation 
current 
(1) 
IGNO 
1.0 
mA 
5 


Dissipation 
current 
(2) 
lEE 
0.1 
mA 
5 


Notes: 
1. 
2. 
3. 
4. 
5. 


Applies to CL 1, CL2, FCS, SHL, E, M, DL, and DR. 
Applies to DL, DR, and CAR. 
Applies 
to Y1-Y80. 


Applies to V1L, V1R, V2L, V2R. V3L, V3R, V4L. and V4R. 
Specified 
when display data is transferred 
under following 
conditions: 
CL2 frequency 
fCP2 = 2.5 MHz (data transfer 
rate) 
CL 1 frequency 
fCP1 = 4.48 kHz (data latch frequency) 
M frequency 
fM = 35 Hz (frame frequency/2) 
Specified when VIH = Vcc. VIL = GND and no load on outputs. 
IGNO:currents between Vcc and GND. 
lEE: currents 
between 
Vcc and VEE. 


AC Characteristics 
(Ycc 
= 5 V ± 10%. GND = 0 V, VCC-VEE 
= 5.5 to 17 V, Ta = -20 to +75°C) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test 
Condition 
Note 


Clock cycle time 
tcvc 
400 
ns 


Clock high level width 
tcw-i 
150 
ns 


Clock low level width 
tev.\. 
150 
ns 


Clock setup time 
tSCl 
100 
ns 


Clock hold time 
tHCl 
100 
ns 


Clock riselfall time 
tel 
30 
ns 


IGlock phase different time 
tel 
100 
ns 


Qata setup time 
tosu 
80 
ns 


qata hold time 
tDH 
100 
ns 


Ej setup time 
tESU 
200 
ns 


~utPut delay time 
tDCAR 
300 
ns 


phase difference time 
tCM 
300 
ns 


ote: 
1. 
The following load circuits are connected for specification: 


-i1= tCWH~t. 
t.~ po;m' 
~ 
30 pF 


CL1 -----tc-l-:L 
t,", J~-~-HC-l-'-'-' 
--------- 


M 


CL1 


:I 


~0:I 
DL 
- 
DR 


SHL 
CL2 


E 


FCS 
Test input 


IIIII 
I 
I 
I 
I 
------------------------- 
Control circuit 


;L Function 


Li~Uid Crystal 
Display Driver 
Circuit 


Thb combination of the data from the latch circuit 2 
ana M signal causes one of the 4 liquid crystal 
dri~er levels, VI, V2, V3 and V4 to be output. 
.ol-It La••> C'"uit 
2 
. 


The data from latch circuit 1 is latched at the fall of 
<:It1.and output to liquid crystal display driver 
c 
wt. 


SI 
. 


bit data into 4-bit data. When SIll. is "L" level, 
da 
from DL is converted into 4-bit data and 
sferred to the latch circuit 1. In this case, don't 


~ 


nect 
any lines to terminal DR which is in the 
ou ut status. 
en SIll. is "R" level, input data from terminal 
D 
without connecting any lines to terminal DL. 


Th 4-bit data is latched at ~1 to ~20 and output to 
la h circuit 2. When SIll. is "L" level, the data 
fr~ 
DL are latched one in order of 1--+2--+3... --+ 
80I?f each latch. When SIll. is "R" level, they are 
hed in a reverse order (80--+79--+78... --+1). 


The selector decodes output signals from the 
counter and generates latch clock ~1 to ~20. When 
the LSI is not active, ~l to ~20 are not generated, 
so the data at latch circuit 1 is stored even if input 
data (DL, DR) changes. 


Controls operation: When E-F/F 
(enable F/F) 
indicates 
"1", 
SIP 
conversion 
is started 
by 
inputting "L" level to E. After 80-bit data has been 
all converted, CAR output turns into "L" level and 
E-F/F 
is reset to "0", and consequently 
the 
conversion stops. E-F/F 
is RS flip-flop circuit 
which gives priority to SET over RESET and is set 
at "R" level of CLI. 
Counter consists of 7 bits, and the output signals 
of upper 5 bits are transferred to the selector. CAR 
signal turns into "R" level at the rise of CLI and 
the number of bit which can be SIP-converted 
increases by connecting CAR terminal with E 
terminal of the next HD61100A. 


• 


HD61100A 


Terminal Functions Description 


Terminal 
Number of 
Connected 
Name 
Terminals 
1/0 
to 
Functions 


Vex; 
1 
Power 
Vex; - GND: Power supply for intemallogic 
GND 
1 
supply 
Vcc - VEE: Power supply for LCD drive circuit 
VEE 
1 


V1l-V4l 
8 
Power 
Power supply for liquid crystal drive. 


V1R-V4R 
supply 
V1l (V1R). Va 
(V2R): Selection 
level 
V3l. (V3R). V4l (V4R): Non-selection 
level 


Power supplies connected 
with V1l and V1R (Va 
& V2R. 
V3l. & V3R. V4l & V4R) should have the same voltages. 


Y1-Y80 
80 
0 
LCD 
Liquid crystal 
driver outputs. 


Selects one of the 4 levels. V1. V2, V3, and V4. 


Relation among output level, M and display data (D) is as 
follows: 


M 
~ 


0 
~ 


Output 
~ 
level 


M 
Controller 
Switch signal to convert 
liquid crystal 
drive waveform 
into 
AC. 


CL1 
Controller 
Latch clock of display data (fall edge trigger). 


Liquid crystal driver signals corresponding 
to the display 
data are output synchronized 
with the fall of CL 1. 


CL2 
Controller 
Shift clock of display 
data (D). 


Falling edge trigger. 


DL,DR 
2 
1/0 
Controller 
Input of serial display data (D). 


Liquid Crystal 
Liquid Crystal 
(D) 
Driver Output 
Display 


1 (High) 
Selection 
level 
On 
o (Low) 
Non-selection 
level 
Off 


VO status of DL and DR terminals 
depends 
on SHL input 
level. 


SHL 
DL 
[]=I 


High 
0 
I 


Low 
I 
0 


180 
HITACHI 


Connected 
to 


Vccor 
GND 


Number of 
Terminals 


GNDorthe 
terminal 
0AFf of the 
HD61100A 


Input 
terminalE 
of the 
HD61100A 


GND 


e following describes an LCD panel with 64 x 
o dots on which characters are displayed with 
1 64 duty cycle dynamic drive. 
Figure 1 is an 


Functions 


Selects 
a shift direction 
of serial data. 


When the serial data (D) is input In order of 01 -+ ••• -+ 080 • 


the relations 
between the data (D) and output Yare 
as 
follows. 


SHL 
Y1 
Y2 
Y3 
Y80 


Low 
01 
D2 
D3 
080 


High 
080 
079 
078 
01 


When SHL is low, data is input from the terminal 
DL. No 
lines should be connected 
to the terminal 
DR, as it is in the 
output 
state. 


When SHL is high. the relation between 
DL and DR 
reverses. 


Controls 
the SIP conversion. 


The operation 
stops when E is high. and the SIP 
conversion 
starts when E is low. 


Used for cascade 
connection 
with the HD611 OOAto 
increase the number of bits which can be SIP converted. 


Input terminal 
for test. 


Connect to GND. 


example of liquid crystal display and connection to 
HD61100A's. 
Figure 
2 is a time 
chart 
of 
HD61100A I/O signals. 


• 


M 
CL 


CL2 
DATE 


- 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1 
2 
80 
81 
82 
160 
161 
240 
- 
2, 
2, 
2, 
2, 
2, 
2, 
2, 
2, 
1 
2 
80 
81 
82 
160 
161 
240 
- 
- 
3, 
3, 
3, 
3, 
1 
2 
80 
240 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


LCD·PANEL (64 x 240 Dots) 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-------- I--- 
- 
63, 
63, 
63, 
63, 


1 
2 
80 
240 
t--- 
- 
64, 
64, 
64, 
64, 
64, 
64, 
64, 
1 
2 
80 
81 
82 
160 
240 


----- 
----- 
----- 


Y1 
Y2 
Y80 
Y1 
Y2 
Y80 
Y1 
Y80 


HD61100A (No.1) 
HD61100A (No.2) 
HD61100A (No.3) 
:f ~ 
:i ~ ...Ja:I~ 
:f~ 
:i~...Ja:I~ 
:f~ 
:i~...Ja:I~ 
IWCI)u..~ooooo 
IWCl)u..~OOOOO 
IWCI)u..~ooooo 
111 
i 
11 
i 
11 
11 
W 
W 
WW 
0- 
0- 
0-0- 
0 
0 
00 


1 
-- 


Cascade three HD611OOAs.Input data to the terminal DL of No.1, No 2, and 
No.3. 
Connect E of No.1 to GND. Don't connect any lines to CAR of No.3. 
Connect common signal terminals (COM1-eoM64) 
to X1-X64 of common driver 
HD61103A. (m,n) in LCD panel is the address corresponding to each dot. 


~ 
o'Q"c••~ 
~ 
:: 
0 
:I 
0-...•.. 


~ 


Q 
Q> 
0 
~ 
:I 
iii" 
- 
5i" 
llQ 
ncr 
III••.. 


i 
i 
; 
'; 
M --J 
ill 


CL1 J1 
! 
:--Ji- 


CL2 Lttnnn---.I1.Jl.IUlIllUU---.IlJl.Il.n.Il.h---.fl.flJL.flIl.[ 


I 
1 
~ 
DL~'---~---~---~ 
- 
, 
1 
I 
r+- 


CAR(No. 
1)...1 : E(No. 2) 
I 
1 
II 


CAR(No. 2)...1 : E(No. 3) 
: 
l 
I'j 
- 
1 
I 
, 
...I-- 


CAR(No. 3)...1 1 
: 
I 
•••• 
••• 1 i 
1 
I 
I 
I 
I 
I 
I 
I 
Y1-Y80 =l 
: 
C 


I 
1----------------------------------------------------- 
J 
MJ 
: 
~ 


CL1 .I1-----~-----"---------lI----~n 
•.. 
n_ 


CL2 
.fUUl - - - - -.I1ruU1f1J1n - - - - -.I1I1I1IUU1IU1- - - 
1JU1MlU1lU1- - - .nnnnnnn ----- "UUU1h. 


DL lm----- ~ 
-----~ 
---~ 
---~ 
-----m 
I 
I 
I 
Y1-Y80 
:J 
* 
c=: ---=:x"--- 
X 
t: 
I 
I 
1 
______ 
1 
-----------.1 
----------- 
1--------- 
1II 


I 
j' 
I 
M 
~ 
CL1 
: 
I 
I 
I 
I 
I 


Y1(No.1)~ 


Y2(No.1)~ 
I 
I 


Y80(No.1)~ 


I 
I 
Y80(No.3)~ 
I 
II 


------ :x:x:x:x:x::x:: 
:x:x:x:x:x::x:: 
:x:x:x:x:x::x:: 


--.----:x:x:x:x:x::x:: 


Timing chart for the example of connection 
in figure 1. 


DL input (m. n) is the data that corresponds 
to each address (m. n) of LCD panel. 


Timing 
chart 
of 
horizontal 
direction 


Timing 
chart 
of 
vertical 
direction 


Timing 
chart 
of 
liquid 
crystal 
display 
driver 
output 


Application Examples 


An Example or 128 x 140 Dot Liquid Crystal Display (1/64 Duty Cycle) 


Y1-Y80 


HD61100A No.1 


Y1-Y80 


HD61100A No.3 


DATE (1) 
M 
Cl1 
Cl2 
DATE (2) 


HD61100A No.4 
Y80-Y1 
HD61100A No.5 
Y80-Y1 


HD61100A NO.6 
Y80-Y1 


The liquid crystal panel (figure 3) is divided into 
upper and lower parts. These two parts are driven 
separately. HD61100As No.1 to No.3 drive the 
upper half. Serial data, which are input from the 
DATA(I) terminal, appear at YI -+ Y2 -+ -- Yso 
terminal of No. I, then at YI -+ Y2 -+ -- Yso of 
No.2 and then at YI -+ Y2 -+ -- Yso of No.3 in 
the order in which they were input (in the case of 
S:m..= low). HD61100As No.4 to No.6 drive the 


"-I 


lower half. Serial data, which are input from the 
DATA(2) terminal, appear at Y so -+ Y79 -+ -- Y I 
of No. 4, then at Y80 -+ Y79 -+ -- YI of No. 5 and 
then Y 80 -+ Y79 -+ -- Y I of No. 6 in the order in 
which they were input (in the case of S:m..= high). 
As shown in this example, PC board for display 
divided into upper and lower half can be easily 
designed by using S:m..terminal effectively. 


150 dots 


Y1 
----... 
Y80 


HD61100A No.1 


Y1 
Y70 


HD61100A No.2 


4-b' 
parallel process is used in this LSI to lessen the power dissipation. 


Thur, the sum of the dots in horizontal direction should be multiple of 4. 
If not, as this example (figure 4), consideration 
is needed for input signals (figure 5). 


leL1 -fl 
--'n..... 
_ 


DATE 
~ 


Effective data-------1"I 
Dummy I--- 
data 
I 


As the sum of dots in lateral direction is ISO, 2 more dummy data bits are ttansferred 
(152 = 4 x 38). 
Dummy data, which is output from Y71 and Y72 of No.2, 
can be either 0 or 1 because these terminals do 


not connect with the liquid crystal display panel. 


• 


HD61200------- 
(LCD Driver with SO-Channel Outputs) 


The HD61200 
is a column driver LSI for a large- 
area dot matrix LCD. It employs 
1/32 or more duty 
cycle 
multiplexing 
method. 
It receives 
serial 
display 
data from a micro controller 
or a display 
control LSI, HD61830, 
etc., and generates 
liquid 
crystal driving signals. 


Type No. 


HD61200 


Package 


1OO-pin plastic QFP(FP-1 00) 


Liquid crystal display driver with serial/parallel 
conversion function 
Internal liquid crystal display driver: 80 drivers 
Drives 
liquid crystal 
panels 
with 
1/32-1/128 
duty cycle multiplexing 
Can interface 
to LCD controllers, 
HD61830 
andHD61830B 
Data transfer rate: 2.5 MHz max 
Power 
supply: 
Vcc: 
5 V ± 10% (Internal 
logic) 
Power supply voltage for liquid crystal display 
drive: 8 V to 17 V 
CMOS process 


Absolute Maximum 
Ratings 


Item 
Symbol 
Value 
Unit 
Note 


Supply voltage 
(1) 
Vex; 
-0.3 
to +7.0 
V 
2 


Supply voltage 
(2) 
VEE 
Vex -19.0 
to Vex + 0.3 
V 


Terminal 
voltage (1) 
VT, 
-0.3 to Vex + 0.3 
V 
2,3 


Terminal 
voltage (2) 
VT2 
VEE - 0.3 to Vcc + 0.3 
V 
4 


Operating 
temperature 
Topr 
-20 to +75 
·C 


Storage 
temperature 
Tstg 
-55 to +125 
'C 


LSls may be permanently 
destroyed 
if being used beyond the absolute 
maximum 
ratings. 
In 
ordinary 
operation, 
it is desirable 
to use them within the limits of electrical 
characteristics, 
because 
using them beyond these conditions 
may cause malfunction 
and poor reliability. 
All voltage values are referenced 
to GND = 0 V. 
Applies to input terminals, 
FCS, SHL, CL 1, CL2, DL, DR, E, and M. 
Applies to V'L, V'R, V2L, V2R, V3L, V3R, V4L, and V4R. Must maintain 
Vex ~ V'L = V1R ~ V3L = V3R ~ V4L = V4R ~ V2L = V2R ~ VEE· 
Connect 
a protection 
resistor of 15 n± 10% to each terminal 
in series. 


J~ 
H_D_6_1_2_0_0 


DC Characteristics 
(Vcc 
= 5 V ± 10%, GND = 0 V, Vcc 
- VEE = 8 V to 17 V, Ta = -20 to 75°C) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Teat 
Condition 
Note 


Input high voltage 
VIH 
0.7xVCC 
Va; 
V 


Input low voltage 
VIL 
0 
0.3 x 
V 


Vcc 


Output 
high voltage 
VQ-l 
Vcc 
-0.4 
V 
1oH-400~ 
2 


Output 
low voltage 
Va.. 
0.4 
V 
1or..-400~ 
2 


Driver on resistance 
Aa-l 
7.5 
kO 
load 
current - 
5 
100~ 


Input leakage 
current 
IILl 
-1 
1 
~ 
V1N- Oto Vrx 
1 


Input leakage 
current 
IIL2 
-2 
2 
~ 
VIN - VEEto Vcc 
3 


Dissipation 
current 
(1) 
~ND 
1.0 
mA 
4 


Dissipation 
current 
(2) 
lEE 
0.1 
mA 
4 


Notes: 
1. 
Applies to Cl1, 
Cl2. 
SHl, Eo M. Dl, 
and DR. 


2. 
Applies to ~. 


3. 
Applies to V1L, V1R, V2L. V2R. V3L. V3R, V4L, and V4R· 


4. 
Specified 
when display data is transferred 
under following 
conditions: 
Cl2 
frequency 
fCP2 - 2.5 MHz (data transfer 
rate) 
Cll 
frequency 
fCPl 
- 4.48 kHz (data latch frequency) 
M frequency 
fM - 35 Hz (frame frequencyl2) 
Specified at VIH - Vcc 
(V), VIL - 0 V and load on outputs. 
~ND: currents 
between VCC and GND. 
lEE: currents 
between 
Vcc 
and VEE. 


5. 
Resistance 
between terminal Yand 
terminal V (one of V1L. V1R. V2L. V2R. V3L, V3R, V4L. and 
V4R when load current flows through one of the terminals 
Yl to Y80. This value is specified 
under the following 
condition: 


Vcc 
- VEE 
- 17 V 


V1L - V1R, V3L - V3R - VCC - 217 (\bc- 
VEE ) 


V2L - V2R, V4L - V4R - VEE +217 (VCC- 
VEE ) 


Vll. 
V1R 


~l' 
~R 


V4l. 
V4R 


~l.~R 


Terminal 
Y 
(Yl-Y80) 


Th~ following here is a description 
of the range of power supply voltage for liquid crystal display drivers. 
Apply positive voltage to VIL = VIR and V3L = V3R and negative voltage to V2L = V2R and V4L = V4R 
witJtin the ,1V range. This range allows stable impedance on driver output (RON). Notice the ,1V depends 
on Power supply voltage VCc-VEE. 


Vcc 
-------- 
V1 (V1L •• V1R ) 


---- 
V3 (V3L" 
V3R ) 


~5.5 
~ 
> 
<:l 


------------ 
V4 (V4L = V4R ) 


-------------- 
V2 (V2L = V2R ) 
VEE 


Correlation 
between 
Driver Output 
Waveform 
and Power Supply Voltages 


for Liquid Crystal Display 
Drive 


Range of Power Supply 


Voltage for Liquid Crystal 
Display 
Drive 


8 


Vcc- 
VEE(V) 


Correlation 
between 
Power 


Supply Voltage 
VCC- V EEand t:. V 
• 


Input Terminal 
(with Enable) 


Vcc 


Applicable 
terminals 
: 
CL1, CL2, SHL, E, M 


~ 


HD61200 


AC Characteristics 
(Vcc 
= 5 V ± 10%, GND = 0 V, Ta = -20 to +75°C) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Te.t 
Condition 
Not. 


C~ 
cycle time 
tevc 
400 
ns 


tewH 
150 
ns 
Cl 
high level width 


Clock low level width 
1cwL 
150 
ns 


CIoc;ksetup time 
tSCl 
100 
ns 


CI+ 
hold time 
tHCl 
100 
ns 


CIoqk riselfall time 
tel 
30 
ns 


ciOJk phase different time 
tel 
100 
ns 


Data setup time 
tosu 
80 
ns 


DatJ holdtime 
tOH 
100 
ns 


E sEltuptime 
tesu 
200 
ns 


Output delay time 
tDCAR 
300 
ns 


M phase difference time 
teM 
300 
ns 


Not I: 
1. 
The folloWing load circuit is connected for specification: 


11='e-~dr.: 
'empolm' 
~30pF 


CL1 -----t-Cl-::t'..- 
'SOL ~-tHC-l-'-"--------- 


~ 
tl:l 
~ 
- 
IV 
0 
0 
" 
,::' 
en 
t:' 
~N 
V1L V2L V3L V4L 
Y1 Y2 
Y80 
V, RV2RV3RV4R 
•... 
0 
II) 
fICl 
0 
"'lII) 
51 


M 


CL1 
VCC 
GND 
J: 
VEE 


~0J: 
DL 
- 
DR 


SHL 


CL2 
Selector 


E 


CAR 
FCS 
Test input 


1 


Jek 
Function 


Li~Uid Crystal Display Driver Circuit 


The combination of the data from the latch circuit 2 
an~ M signal causes one of the 4 liquid crystal 
driver levels, VI, V2, V3, and V4 to be output. 


SO-bit Latch Circuit 
1 


Thddata from latch circuit I is latched at the fall of 
cil and output to liquid crystal display driver 
circrt. 


SIJ 


S~lel 
conversion circuit which converts 1- 


bit data into 4-bit data. When SHL is low level, 
data from DL is converted into 4-bit data and 
tran$ferred to the latch circuit I. In this case, don't 
con1ect any lines to terminal DR. 


When SHL is high level, input data from terminal 
DR rithOut connecting any lines to terminal DL. 


80-bit Latch Circuit 
1 


The ~-bit data'is latched at ,1-+20 
and output to 


Iatc~ circuit 2. When SHL is low level, the data 
from DL are latched in order of 1-+2-+3... -+80 of 
each! latch. When SHL is high level, they are 
latchr 
in a reverse order (80-+79-+78... -+1). 


The selector decodes output signals from the 
counter and generates latch clock, I to ,20. When 
the LSI is not active, ,1-.20 
are not generated, so 
• 
the data at latch circuit I is stored even if input data 
(DL, DR) changes. 


Controls operation: When E-F/F 
(enable F/F) 


indicates I, SIP conversion is started by inputting 
low level to E. After 80-bit data has been all 
converted, CAR output turns into low level and E- 
F/F is reset to 0, and consequently the conversion 
stops. E-F/F is RS flip-flop circuit which gives 
priority to SET over RESET and is set at high 
level of CLI. 


The counter consists of 7 bits, and the output 
signals upper 5 bits are transferred to the selector. 
CAR signal turns into high level at the rise of 
CLl. The number of bits that can be S/P-converted 
can be increased by connecting CAR terminal with 
E terminal of the next HD61200. 


Terminal 
Number of 
Name 
Terminals 
110 


Vex; 
1 
GND 
1 
VEE 
1 


V1L-V4L 
8 
VlIrV4R 


Connected 
to 


Power 
supply 


Power 
supply 


Controller 
Synchronous 
signal (a counter 
is reset at high level). 


Latch clock of display 
data (falling edge triggered). 


Synchronized 
with the fall of CL 1, liquid crystal driver 
signals corresponding 
to the display 
data are output. 


Controller 
Shift clock of display data (D). 


Falling edge triggered. 


Controller 
Input of serial display data (D). 


Liquid Crystal 
Liquid Crystal 
(D) 
Driver Output 
Display 


1 (High level) 
Selection 
level 
On 
o (Low level) 
Non-selection 
level 
Off 


Vex; or GND 
Selects 
the shift direction 
of serial data. 


When the serial data (D) is input in order of 01-+ ... -+080, 


the relations between the data (D) and output Yare 
as 
follows: 


Functions 


Vex; - GND: Power sUpply for internal logic 


Vex; - VEE: Power supply for LCD drive circuit 


Power supply for liquid crystal drive. 


V1L (V1R), V2\..(V2R): Selection 
level 
V3l (V3R), V4l (V4R): Non-selection 
level 


Power supplies connected 
with V 1L and V1R (V2\..& V2R' 
V3l & V3R, V4L & V4R) should have the same voltages. 


Liquid crystal 
driver outputs. 


Selects one of the 4 levels, V1, V2 V3, and V4. 


Relation among output level, M, and display data (D) is as 
follows: 


~ 


~ 


Switch signal to convert 
liquid crystal 
drive waveform 
into 
AC. 


Output 
level 


SHL 


Low 


High 


Y1 


01 


080 


Y2 


D2 


079 


Y3 


D3 


078 


Y80 


080 


01 


TFrminal 


T1rmlnal 
Nlme 


SHL 
<T 


11 


~ 


Number of 
Terminals 
1/0 
I 


Connected 
to 
Functions 


Va; or GND 
When SHL is low, data is inputfrom the DL terminal. No 
lines should be connected to the DR terminal. 


When SHL is high.the relationbetween DL and DR 
reverses. 


GND or the 
Controls the SIP conversion. 


terminalCAR" The operation stops on high level, and the SIP conversion 
of the 
starts on low level. 
HD61200 


Input terminal Used for cascade connection with the HD61200 to 
E'of the 
increase the number of bits that can be SIP converted. 
HD61200 


GND 
Input terminal for test. 


Connect to GND. 


0rration 
of the HD61200 


The following describes an LCD panel with 64 x 240 dots on which characters are displayed with 1/64 duty 
cY91edynamic drive. Figure 1 is an example of liquid crystal display and connection to HD61200s. Figure 2 
is a time chart of HD61200 I/O signals. 
• 


M 
CL 
CL2 


DATA 


- 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1 
2 
80 
81 
82 
160 
161 
240 
--I-- 
- 
2, 
2, 
2, 
2, 
2, 
2, 
2, 
2, 
1 
2 
80 
81 
82 
160 
161 
240 
--~ 
- 
3, 
3, 
3, 
3, 
1 
2 
80 
240 
--~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


LCD Panel (64 lC 240 Dots) 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II-- 
- 
63, 
63, 
63, 
63, 


1 
2 
80 
1240 
- 
64, 
64, 
64, 
64, 
64, 
64, 
64, 
1 
2 
80 
81 
82 
160 
240 


----- 
----- 
----- 


Y1 
Y2 
Y80 
Y1 
Y2 
Y80 
Y1 
Y80 


HD61200 (No.1) 
HD61200 (No.2) 
HD61200 (No.3) 
~~ 
:i~...Ia:I~ 
~~ 
:i~...Ia:I~ 
~~ 
:i~...Ia:I~ 
IWc/)LL~OOCCO 
IWc/)LL~OOCCO 
IWc/)LL~OOCCO 
111 
1 
11 
1 
11 
11 
W 
W 
WW 
ll. 
ll. 
ll.ll. 
- 
0 
0 
00 
- 
1 ----- 


Figure 
1 
LCD Driver 
with 64 x 240 Dots 


Cascade three HD61200s. 
Input data to the DL terminal of No. I, No.2, 
and No.3. 
Connect E of No.1 
to 
GND. Don't connect any lines to CAR of No.3. 
Connect common signal terminals 
(COMI-COM64) 
to 
XI-X64 
of common driver HD61203. (m, n) of LCD panel is the address corresponding 
to each dot. 


'lIl 
~"c•• 
III 
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:I 
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N 
Q 
Q 
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:I 
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S" 
IIQ 
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i 
i 
I 
M --J 
I 
I 
I 


CL1 .Ii 
I 
I 
rt- 


Cl2 L..ttn-rtn ---.I1.IU11111..hI--- .I'UUlIUl.hn.n.---.Il.IU1.IU1..f1 
I 
I 
~ 
DL~---~---~---~ 
-- 
I 
I 
I 
r+- 
CAR(No. 1).J 
I E(No. 2) 
I 
I 
I 
1 
-- 
I 
, 
I 
CAR(No. 2).J 
: E(No. 3) 
I 
I 
r:- 
-- 
I 
I 
I 
...I-- 
CAR(No. 3) J 
1 
: 
I 
1 i 
I 
I 
I 
I 
I 
I 
I 
I 
Y1-Y80 =l 
I 
c: 
1 
• 
J 


M~ 
: 
~ 
CL1 
.rl 
~----fL.--n 


Cl2 
.fum.---- -.I11U1J'U1M 
- - - - -.nnnnnnnn --- 
1I1I1JUlI1IUU1. - -- 


DL lm-----~----- 
~--- 
~--- 
n 
I 
I 


Y1-Y80 
~ 
* 
I 
I 


-----1IUU1h. 


I 


111-----~ 
I 


1 
____I 


: • 
1 Frame 
-------. 
~------------------------------- 
I 
I 
M 
Jo-: -------------1 


CL1 
I 
I 


Y1(No.1)~ 


Y2(No.1)~ 
I 
I 


Y80(No.1)~ 
I 
I 
Y80(No.3)~ 
III 


:::x:x:x::x:xx: 
:::x:x:x::x:xx: 
:::x:x:x::x:xx: 
:::x:x:x::x:xx: 


Timing chart for example of connection 
in figure 1. 
DL inpU1(m, n) is the data that corresponds 
to each address (m, n) of LCD panel. 


• 


Timing 
chart 
for 
horizontal 
direction 


Timing 
chart 
for 
vertical 
direction 


Timing 
chart 
for 
liquid 
crystal 
display 
driver 
outpU1 


HD61200 


DATE (1) 
M 
eLl 
Cl2 
DATE (2) 


Vl-V80 
Vl-V80 
Vl-V80 


HD61200 No.1 
HD61200 No.2 
HD61200 No.3 


..Il1 
- d 
a:1~ 
IW ~ ~:f d di5l§I~ 
..Il1 
- 
N 
Ia: 
IwiJ5 ••. :f6 
i500 
IW iJ5 ••. :f 6 6 i5l§(3 


,J,.,J,.,J,. 


1 


,J,.,J,. 
1 


L..J,J,.,J,. 
1 


0 
1 
8 
1 It 
9 
8 
1' 
1'~o1' 
91' 
tw ~ 11:f :::i ~ 5 a:la: 
tw ...• 11:f - ~ ..I a:la: 
IW ...• 11:f - ~ ..I a:la: 
en ••• 
00 
0(3 
iJ5 ••. 
6000(3 
iJ5 ••. 
6000(3 


HD61200 No.4 
HD61200 No.5 
HD61200 No.6 
V80-Vl 
V80-Vl 
V80-Vl 


The liquid crystal 
panel is divided 
into upper and lower parts. These two parts are driven 
separately. 
HD61200s 
No.1 
to No.3 
drive the upper half. Serial data, which are input from the DATA (I) terminal, 
appear at Yl 
-+ Yz -+ -- Yso terminal of No. I, then at Yl -+ Yz -+ -- Yso of No. 2 and then at Yl-+ 
Yz-+ 
-- Y SO of No.3 
in the order in which they were input (in the case of Sm... = low). HD61200s 
No.4 
to No. 
6 drive the lower half. Serial data, which are input from DATA (2) terminal, appear at Yso -+ Y79 -+ -- Yl 
of No.4, 
then at Y SO-+ Y 79 -+ -- Y 1 of No.5 
and then Y SO-+ Y79 -+ -- Y 1 of No.6 
in the order in which 
they were input (in the case of Sm... = high). 


As shown in this example, a PC board for a display divided into upper and lower half can be easily designed 
by using the Sm... terminal effectively. 


IHD43160AH------ 
(IControlier with Built-in Character 
Generator) 


display 
Controller and Character 
Generator for Dot Matrix Liquid 
9ryStal Display System 


The 
HD43160AH receives 
character 
data 
~tten 
in ASCII code or JIS code from a 
microcomputer and stores them in its RAM 
which has 80 words capacity. 


le 
HD43160AH converts these data into a 
~~rialcharacter pattern, then transfers them 
to LCD drivers. 


Itlalso generates other control signals for the 
LCD.The HD44100HLCDdriver can be com- 
bined with this controller. 


\Qisplay Characters Types 


• 
Alphanumeric 
characters: 
A-Z, a-z, 
@, 
#, %, St, etc. 
• 
Japanese characters (katakana) 


~rdering Information 


Type No. 
Pac:bge 
H043160AH 
54-pin plasticQFP(FP-54) 


160 characters in internal character 
gen- 
erator (ROM) 
(Max 256 characters in external ROM) 


4, 8, 16,24, 32, 40, 64, or 80 characters in 1 
or 2 lines 


Other 
Function 
Controlled 
By 
Microcomputer 


• 
Display clear 
• 
Cursor on/off 
• 
Cursor position preset 
(character 
posi- 
tion) 
• 
Cursor return 


CSO 
CS1 
CS2 
CS3 


RSO 


R/W 


E 


DBO 
to 
DB6 


DB7 


v 
cc 
_ 


GND_ 
RST- 
TEST- 


Linecounter 
Cursor counter 
Character number 
counter 


RAM 
8 bit 
80 words 


XO-X7 
YO-Y3 


Item 


Supply voltage 


Input voltage 


Operating temperature 


Storage temperature 


Symbol 
Vcc 
'IT 


Top< 
Tstg 


ROM 
Character 
generator 
(160 char- 
acters) 
Internal 
oscillation 


01-05 
tn:CirCUit 
:-&t;rnal -1 
CPG 
CL2 
ROM 
I 
: 
I (max.256 I. 
J 
I charac- 
I 
I ters) 
I 
~A 
OSC1 
OSC2 
L 
...J 
Rt 


Value 
-0.3 to +7.0 
-0.3 to Vcc+ 0.3 
-20 to +75 
-55 to +125 


Unit 


V 


V 
'C 


'C 


HD43160AH 


tern 
Symbol 
Terminal 
No. 
min 
typ 
rnax 
Unit 
Teat condition 


!J1?utvoltage 
VIH 
CSO-CS3, 
E, R/W, 
2.0 
Vcc 
V 
L compatible) 
DBO-DB7, 
RSO 
0 
0.8 
V 
VIL 


Input voltage 
VIHC 
OSC1.TEST.RST,FNTS.0.7 Vcc 
Vcc 
V 
CURS, DLN, ROMS. 
0.3 Vcc V 
VILC 
CNO-CN2.01-0S 
0 


butput voltaH: 
VOH 
2.4 
V 
IOH= -0.205 
mA 


\TIL compatl 
Ie) 
DB7 
VOL 
0.4 
V 
IOL= 1.6 mA 


?utput voltage 
VOHC 
FLM. M. O. CLl. CL2. Vcc-l.0 
- 
V 
lload= ±0.4 
mA 


VOLC 
XO-X7, 
YO-Y3 
1.0 
V 


I put leak current 
III 
All inputs 
-5 
5 
JolA 


utput leak current 
ILO 
OB7 
-10 
10 
JolA 


Oscillation 
fCPl 
130 
'192 
250 
kHz 
Rt = 200 kO ±2%. 5 
x 7 + Cursor 
f equency 
fCP2 
200 
288 
375 
kHz 
Rt = 130kO ±2%. 5 
x 11 + Cursor 


'?put pull up current 
IpL 
CSO-CS3. RSO.R/W. 2 
10 
20 
JolA 
Vin = OV 
DBO-DB7 


ower dissipation 
Pr 
• 
10 
mW 
Ta = 
25·C, 
fcp = 
400 kHz 
(external clock) 
• 
Input/output 
current 
is excluded. 
When 
an input 
is at the intermediate 
level in CMOS, 
excessive 
current flows through 
the input circuit to the power supply. 
To avoid this, input level must be fixed 
at high or low, 
CSO-CS3. 
RSO, R/W, 
OBO-OB7. 


~in Arrangement 


~n ~-.. 
Pin ~-.. 
Pin 
Poww-.. 
No. 
ose 
Input 
Output 
No. 
ose 
Input 
Output 
No. 
ose 
Input 
Output 


1 
GND (-) 
19 
0 
37 
DB3 


~ 


X4 
20 
FIM 
38 
DB4 
X3 
21 
q,A 
39 
DB5 
4 
X2 
22 
OSC1 
40 
DB6 
5 
Xl 
23 
OSC2 
41 
DB7 
DB7 
6 
XO 
24 
RST 
42 
ROMS 
il 


N.C. 
25 
TEST 
43 
05 
N.C. 
26 
E 
44 
04 
9 
N.C. 
27 
Vcd+) 
45 
03 
U 


CURS 
28 
R/W 
46 
02 
FNTS 
29 
RSO 
47 
01 
12 
DLN 
30 
CSO 
48 
Y3 
B 
CNO 
31 
CSl 
49 
Y2 


14 
CN1 
32 
CS2 
50 
Yl 
15 
CN2 
33 
CS3 
51 
YO 
1Ej 
CL2 
34 
DBO 
52 
X7 
q 
CLl 
35 
DB1 
53 
X6 


1~ 
M 
36 
DB2 
54 
X5 


i 


Pin 
name 


Vee 
GND 


CNO 
CN1 
CN2 


Number of 
t8rITIlnala 
Connected 
to 


2 
Power supply 


Function 
+5 V ± 10% Power supply 
OV 


Total displayed character number select 


No. 
4 
8 
16 
24 
32 
40 
64 
80 


CNO GND Vee GND Vee GND Vee GND \tee 


CN1 GND GND Vee 
Vee GND GND Vee 
Vee 


CN2 GND GND GND GND Vee 
Vee 
Vee 
Vee 


CURS 
GND or Vee 
Cursor select 
Vee: 
5 dots 
••••• 
GND: 1 dot 
• 
DLN 
GND or Vee 
Display line number select 
Vec: 
2 lines 
GND: 1 line 


FNTS 
GND or Vee 
Font select 
Vee: 
5 x 11 + Cursor 
GND: 5 x 7 + Cursor 


RST 
Vee 
Only for test. Normally Vee. 


TEST 
GND 
Only for test. Normally GND. 


E 
MPU 
Strobe signal 
Write mode: The HD43160AH 
latches the data on DBO- 
087 
at the falling edge of this signal 
Read mode: Busy/Ready 
signal is active on DB7 while this 
signal is high 
(Low: Ready, High: Busy) 


R/W 
MPU 
Read/Write 
signal 
L: HD43160AH 
gets the data from MPU 
H: MPU gets the 
Busy/Ready 
signal fromHD43160AH 


CSO 
4 
MPU 
Chip select 
CS1 
When all of CSO-CS3 
are 'H', 
HD43160AH 
is selected. 
CS2 
CS3 
RSO 
MPU 
Register select 
HD43160AH 
has 2 registers. One is for character code and 
another is for instruction code. Each register latches the data 
on DBO-DB7 
at the falling edge of E, when CSO-'CS3 
are 
high and R/W is low. 
High: Character code register is selected 
Low: Instruction 
code register is selected 
DBO 
8 
MPU 
I 
Data bus 
to 
I/O 
Inputs for character code and instruction 
code from MPU 
DB7 
(DB7) 
Output for Busy/Ready 
flag (DB7) 
0 
HD44100H 
0 
Serial dot data of characters for LCD drivers 
CL2 
HD44100H 
0 
Dot data shift signal for LCD drivers 
CL1 
HD44100H 
0 
Dot data latch signal for LCD drivers 


J 
HD43160AH 


~~ 


Number of 
t8rminala 
Connected to 
I/O 
Function 


~ 
1 
HD44100H 
0 
Alternate signal for LCD drivers 


FlM 
1 
HD44100H 
0 
Signal for common plates scanning 


XO 
8 
ROM 
0 
Character code outputs for external character generator (for 
to 
ext ROM) 
X7 
X7: MSB 
ex: character 'A' 


I 


XO: LSB 


~ 
~ 


'1'= 
High 
o 
11010101010 
1 
'0'= 
Low 
~r 
4 
ROM 
0 
Character row code for external character generator 


y~ 
5 x 7 + Cursor 
5 x 11 + Cursor 


ya 
•. 
~..". 
o 
0 1 
o 
1 


"A" 
0 0 
1 1 
"j" 
1 0 
1 0 1 
1 1 
1 1 1 
1 0 0 0 


01 03 05 
1 0 0 1 


02 04 
1 0 
1 


1 0 1 1 


</>". 
ROM 
0 
Clock signal for external character generator (dynamic ROM 
etc.) if necessary 


0 
5 
ROM 
Dot data inputs from external character generator 
t 
1 (High): On 


0 
o (Low): Off 


RiMS 
GND or Vcc 
Select internal or external ROM 
High: External ROM 
Low: Internal ROM 


OSC1 
2 
(I) 
Oscillator 
5 x 7 + Cursor: Rf = 200 kO (typ) 
OSC2 
(0) 
5 x 11 + Cursor: Rf = 130 kO (typ) 


N~ 
3 
Don't connect any signal to these terminals 


Character Dot Patterns 


5X7 


The bottom lines of the English small charac- 
ters "g, i,p, q, y,"are on the cursor line (Figure 
1). 


5 X 11 


Only the English small character "g, i, p, q, y," 
are displayed as below. The others are the 
same as for 5 x 7 (Figure 2). 


Cursor 5 dots: ••••• 
1dot: 
• 


Character 
code lower 
4 bits (hexadecimal) 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
0 
E 
F 
I II # $ •••• ,":. , •• •• 
+ 
." 
2 
,... 
I. 
I ~+. - 
••• ••• 
... . - , 
• •• 
• 
• 
~11 
.-::a ~ 4 t= .- •••• ,-, ,:;. • • ".- 
•• 
••••• 
3 
f.:, 
•• 
•• 
L ..) 
._1 
I ,-, 
• ,•• - •• .- 
- 
- •• 
•• 
• 
• 
;ilt=IB 1-·[:1 EFG HI.J 
~...L.t'l t·~I) 
'iij 4 
••• 
••• 
E 
'2 F'G!F:: ,-T I_I 1..1 
1.1.1 I.J 1••1..,[ ¥ ] ••••• 
't:l 
~ 5 
-, 
• 
•• 
:S 
- 
• 
,.., I ••••• 
- 
.~ 
••• 
1::1 ,-~ f· 
~-I 
• 
• 
1 
~ 6 
·EI 
- 
.;a 
1:::1 
1..1 ~.. 
f'l t1'-I 
1_. 
.- 
~ 
- - 
- 
t. 


f--- 
- 
I· I 
·1 
0. 
t-· 
4- +- 
" 
1;:11:;1 
.- 
t~I- .1 1.,.1 ••••• 1...1 z 
., 7 
=. 
., 
,. 
8- 
• 
._ e. 
• 
• 
• 
• 
r 
'--- 


! 
.J 
• =;t ? ·1- ~ ::t:::t ...,.::L :IIII 
~ A 
a 
••• 
.• 
• 
- 
~u 
1·1··..., 
:::r :tJ1= 
-'I , 
t! 
B- 
I 
-'"] 
:J 
: I..., 
I-J 
• 
-- - 
_. 
••••• - 
·9f III- ~.+ - va :; .I 
'= 
;t -:::a 
T 
I·l .., --. 
C 
-I 
- 
.- 
• -.-- 
- 
- 
- 
- .::.. 
••1t 1-'.13 - I1 Il,l.··D IJ- 
•••• a 
o 
- 
•••• 
., 
.1 
-. 
• 
_. 
- 


• 
13-JP '=1!:I 


Figure 2 
Special 5 X 11Characters 


204 
HITACHI 


Application 


rett1ng Up 


~. Total character number: CNO-CN2 
~. Cursor pattern: CURS 
~. Display line number: DLN 
Font: FNTS 


These terminals should be connected to Vcc 
or GND according to the LCDdisplay system. 
RST and TEST should be connected 
to Vcc 
and GND respectively. 


Interface to the Controller 
t 
Example 1 Interface to HD6800 


~ this example (Figure 3). the addresses 
of 
¥D43160AH in 
the 
address 
area 
of the 
~6800 
microcomputer are: 


Instruction code register 
Character code register 
Busy flag 


#'E···· 
(R/W=O) 
#·F···· 
(R/W=O) 
#·E···· or #'F···· 
(R/W=l) 
.: don't care 
#": hexadecimal 


AB15 
CS3 


AB14 
CS2 


AB13 
CS1 


VMA 
CSO 


AB12 
RSO 


R/W 
R/W 
HO 8800 (MPU) 
n 
E 
H043180AH 


DBO 
DBO 


DB1 
DB1 


DB2 
DB2 


DB3 
DB3 


DB4 
DB4 


DB5 
DB5 


DB6 
DB6 


DB7 
DB7 


Read Busy flag 
from # 'E···I 


or # 'F···· 


write Inst. or Charact. code 
_c:n 
_ 
-r=T_v 


Operation start 


Busy 


(Internal) 


T busy 


min 
Max 
Unit 


Display clear 
400 
410 
s 
~ 
~ 


Other function 
10 
20 
s 
~ 
~ 


HD43160AHbegins the operation from the 
rising edge of E (Figure 5). 
Instruction code register and character code 


register latch the data on DBO-DB7 at the 
falling edge of E. 


1-------------------H-n-4-3-16-0-A-H- 


Write sequence 
(MPU-+HD43160AH) 


Read sequence 


(MPU-HD43160AH) 


1 
tCYC 
1- 
-I 
I 
PWEL 
PWEH 
I 


I 
. I· 
-, 


E 1 
1 
L 
I 
I 
I. 
tAS 
Itoowl 
II 
tH 


I 
·'"-1 -,i 
CSO ] 
: 
[ 
to 
CS3 
RSO 
I 
I 
I 
I 


R/W l 
Write 
r 
I 


DBO 
to 
DB7 


1 
1- 
PWEL 
I • 


•. j 
_I 
Il 


~~H[ 


CSO 
to 
CS3 
RSO 
, 


1 


1, 
I 
I 
I 
~ 
~ 


Figure 
6 
HD6800 Interface 
Timing 


~ 
Timing 
characteristics 


Symbol 
Min 
Typ 
Max 
Unit 


Cvcl~ time of E 
tq,c 
1.0 
J.lS 


Pulse width of E 
High level 
!\vEH 
0.45 
25 
J.lS 
s;l up time of CS 


Low level 
!\vEL 
0.45 
J.ls 


Write 
tAS 
140 
os 
:t delay time 
Write 
toow 
225 
os 


Read 
tooR 
300 
os 


Hold time 
tH 
10 
os 


• 


51 
R/W 
101M 
C53 
RD 
L 
E 
WR 
A15 
C52 
A14 
C51 
A13 
C50 
A12 
R50 


8085A 
-D> 
HD43160AH 
(MPU) 
D 
Qs: D 


Q 


ALE 
•..... 
ClK 
Q IClK 
°l 


•... 
ClR 
ClK 
"-~ 
•.. 
I 
READY 
ADO 
DBO 
to 
to 
AD7 
DB7 


101M. 51 


A12 A15 


Pulse widths of RD and WR signals of the 
8085A are 400 ns min, while the pulse width 
of the E signal of the HD43160AH is 450 ns 


min (Figure 8). 
Therefore, in this example, RD and WR signal 
pulse widths are widened by the TWAIT 
cycle. 


flSPlay Commands 


Display Control Instructions 


~ese 
instructions should be written into the 


ipstruction 
register 
of HD43160AH by the 
rmcrocomputer. 
(RSO= Low, R/W = Low) 


1. Display clear 


~ 
LSB 


COde:~ 


Operation: The screen is cleared and the 
cursor returns to the 1st digit. 


2l Cursor return 


~ 
LSB 


COde:~ 


Operation: The cursor returns 
to the 1st 
digit and the characters being 
displayed do not change. 


3J Cursor on/off 


0 
0 
0 
0 
0 
1 
0 
0 


0 
0 
0 
0 
0 
1 
0 
1 


Operation: The cursor appears (on) or dis- 
appears (off). 


4.\ Set cursor position 


MSB 


Operation: The cursor moves to the Nth 
(nth, mth) digit. 
N ~ the total character number 
n, m 
~ 
1/2 total 
character 


number 
ex 1: 1 line 
Set the cursor at digit 55. The 
code is 10110110. 


ex 2: 2 lines 
Set the cursor at digit 35 of 
upper or lower line. 
The code is 10100010(upper) . 


11100010(lower). 


When the character code is written into the 
character register of HD43160AH, the char- 
acter with thiscode appears where the cursor 
wasdisplayed 
and the cursor moves to the 
next digit. (RSO= High, R/W = Low) 


~SB 
LSB 
code: 
(Character code) 
J 


ex. 1 
before I ABCD_ 


after 
I ABCDE_ 


Read Busy Flag 


When CSO-CS3 = High, R/W = High and E 
= High (RSO= 'don't care'), the Busy/Ready 
signal appears on DB7. 
DB7 High: Busy 
Low: Ready 


Table 1 
Time Length of Busy (oscilla- 
tion frequency = 200 kHz) 


Mln 
DiJplayclear 
2.0 
Ot~eroperations 
50 


Max 
2.05 
100 


Unit 


ms 


J1S 


• 


LSB XO 
Xl 
Character 
X2 


code 
X3 
Address 
X4 


HD43160AH 
X5 
X6 
External 


>~SB Xl 
ROM 
Row 
LSB YO 
Yl 
code 
Y2 


,MSBY3 
~A ------ 
* 
01 


] 
D•• 
02 
03 
04 
05 
ROMS 


J.J..lloooo 


-tt{X>Q<}-o 
0 
01 


-41{){ 
}-0010 


}- 
0 
0 
1 
1 


-tt{X}(X}-O 
100 


~t{){ 
}-0101 
o 
1 
1 
0 


(Cursor) ~r><-r -r-r r 0 
1 
1 
1 


ROMS 
1: Ext. 
0: Int. 


*~A is used as the 
precharge signal for 
dynamic ROM if nec- 
essary. 


o 
0 
o 
0 
o 
1 
o 
1 
1 
0 
1 
0 


1 
1 


1 
1 
o 
0 
o 
0 
o 
1 
o 
1 


XO-X7 
YO-Y3 


01-05 
ROMS 


FLM 
o 
H043160AH 
CLl 


Cl2 
M 


t-:--1 
1_1_1 
_lf~ 


1 


1 
• 
•• 
I 
i-J 
_r 


__________ 
1Effective 
data 


...------ 
••••• 1 
1 


1 
I 
MAX~ 
f~ 


Y1-Y40 
V1-V6 
FCS 
SHLl 
SHl2 
OL1 
OR1 
Ol2 


• 


~ 
__ 
n_ 
__ 
I 
L 
y---- 


~ 


got Matrix Liquid Crystal Display 
System 


HD44780U (LCD-II) 
(Dot Matrix Liquid Crystal Display 
Controller/Driver) 


The HD44780U 
dot-matrix 
liquid crystal display 
controller 
and driver LSI displays alphanumerics, 
Japanese 
kana characters, 
and symbols. 
It can be 
configured 
to drive 
a dot-matrix 
liquid 
crystal 
display 
under 
the 
control 
of 
a 4- 
or 
8-bit 
microprocessor. 
Since all the functions 
such as 
display 
RAM, 
character 
generator, 
and liquid 
crystal 
driver, 
required 
for driving 
a dot-matrix 
liquid 
crystal 
display 
are internally 
provided 
on 
one chip, a minimal system can be interfaced with 
thiscontrollerldrive~ 


A single 
HD44780U 
can 
display 
up to 
one 
8-character line or two 8-character lines. 


The HD44780U 
has pin function 
compatibility 
with 
the HD44780S 
which 
allows 
the user 
to 
easily replace an LCD-II with an HD44780U. 
The 
HD44780U 
character 
generator 
ROM is extended 
to generate 
208 5 x 8 dot character 
fonts and 32 
5 x 10 dot character 
fonts 
for a total 
of 240 
different character fonts. 


The low power 
supply 
(2.7 V to 5.5 V) of the 
HD44780U 
is suitable 
for any portable 
battery- 
driven product requiring low power dissipation. 


5 x 8 and 5 x 10 dot matrix possible 
• 
Low power operation support: 
- 
2.7 to 5.5 V 
Wide 
range 
of liquid 
crystal 
display 
driver 
power 
- 
3.0 to 11 V 
Liquid crystal drive waveform 
- 
A (One line frequency AC waveform) 
Correspond 
to high speed MPU bus interface 
- 
2 MHz (when Vcc = 5 V) 
4-bit or 8-bit MPU interface enabled 


80 x 8-bit display RAM (80 characters 
max.) 
9,920-bit 
character 
generator 
ROM for a total 


of 240 character fonts 
- 
208 character fonts (5 x 8 dot) 
- 
32 character fonts (5 x 10 dot) 
64 x 8-bit character generator RAM 
- 
8 character fonts (5 x 8 dot) 
- 
4 character fonts (5 x 10 dot) 
16-common 
x 40-segment 
liquid 
crystal 


display driver 
Programmable 
duty cycles 
- 
1/8 for one line of 5 x 8 dots with cursor 
- 
1/11 for one line of 5 x 10 dots with cursor 
- 
1/16 for two lines of 5 x 8 dots with cursor 
Wide range of instruction functions: 
- 
Display clear, cursor home, display on/off, 
cursor 
on/off, 
display 
character 
blink, 


cursor shift, display shift 
Pin function compatibility 
with HD44780S 
Automatic 
reset 
circuit 
that 
initializes 
the 
controller/driver 
after power on 
Internal oscillator with external resistors 
Low power consumption 


Type No. 


HD44780UAOOFS 
HCD44780UAOO 
HD44780UAOOTF* 
HD44780UA01 
FS* 
HD44780UA02FS* 


Package 


FP-80B 
Chip 
TFP-80 
FP-80B 
FP-80B 


CGROM 


Japanese 
standard 
font 


Standard 
font 
for communica- 
tion, European 
standard 
font 


Custom font 
HD44780UBxxFS 
HCD44780UBxx 
HD44780UBxxTF 


FP-80B 
Chip 
TFP-80 


J~ 
_ 


I 
HD44780U 


Reset 
circuit 
ACL 


MPU 
RS 
- 
inter- 
RIW 
- 
face 


E 
- 


7 
0 • 


Display 
COM, 
to 
data RAM 
16-bit 
Common 
COM,6 
(DO RAM) 
shift 
signal 
80 x 8 bits 
register 
driver 


7 
SEG, 
to 


8 
40-bit 
40·bit 
Segment 
SEG4Q 
7 
shift 
latch 
signal 
register 
circuit 
driver 


DBo to 
DB3--- 


Input! 
output 
buffer 


Data 
register 
(DR) 


LCD drive 
voltage 
selector 
~- 
~ 


GND 
~ 


Character 
generator 
RAM 
(00 RAM) 
64 bytes 


Cursor 
and 
blink 
controller 


ParalleVserial 
converter 
and 
attribute circuit 


Power supply voltage 


Liquid crystal drive 
1/4 bias 
voltage 
VLCD 


Maximum 
display 
digits per chip 


Display duty cycle 


CGROM 


CGRAM 


DDRAM 


Segment 
signals 


Common 
signals 


Liquid crystal drive waveform 


Oscillator 
Clock source 


Rt oscillation 
frequency 
(frame 
frequency) 


HD44780S 


5 V±10% 


3.0 to 11.0V 


4.6 to 11.0 V 


16 digits 
(8 digits x 2 lines) 


1/8,1/11, 
and 1/16 


7,200 bits 
(160 character 
fonts 
for 5 x 7 dot and 
32 character 
fonts 
for 5 x 10 dot) 


64 bytes 


80 bytes 


40 


16 


A 


External 
resistor, 
external ceramic 
filter, or external 
clock 


270 kHz±30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


91 kn±2% 


HD66780 
(LCD-IliA) 


5 V±10% 


3.0 Vto 
Vcc 


3.0 Vto 
Vcc 


16 digits 
(8 digits x 2 lines) 


1/8, 1/11, and 1/16 


12,000 bits 
(240 character 
fonts 
for 5 x 10 dot) 


64 bytes 


80 bytes 


40 


16 


B 


External 
resistor, 
external ceramic 
filter, or external 
clock 


270 kHz ±30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


82kn±2% 


Fully compatible 
within the HD44780S 


1 MHz 
2 MHz 


HD44780U 


2.7 to 5.5 V 


3.0 to 11.0 V 


3.0 to 11.0 V 


16 digits 
(8 digits x 2 lines) 


1/8,1/11, 
and 1/16 


9,920 bits 
(208 character 
fonts for 
5 x 8 dot and 
32 character 
fonts for 
5x10dot) 


64 bytes 


80 bytes 


40 


16 


A 


External 
resistor or 
external clock 


270 kHz±30% 
(59 to 110Hz 
for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


91 kQ±2% 
(when Vcc - 5 V) 
75kn±2% 
(when Vcc - 3 V) 


1 MHz (when Vcc - 3 V) 
2 MHz (when Vcc - 5 V) 


FP-80B 


FP-80B 
(top view) 


Chip size: 
4.90 x 4.90 mm2 


Coordinate: 
Pad center (lJm) 


Origin: 
Chip center 


Pad size: 
114 x 114IJm2 


2 
80 
63 


000000000000000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
y 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Type code 
0 
0 


I HD447:oG 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 0000000000000000 
0 


23 
42 


X 


HD44780U 


~CD44780U Pad Location Coordinates 


Coordinate 
Coordinate 


Pad No. 
Function 
X (um) 
Y (um) 
Pad No. 
Function 
X (um) 
Y (um) 


1 
SEG22 
-2100 
2313 
41 
D~ 
2070 
-2290 
II 
SEG2, 
-2280 
2313 
42 
DB:! 
2260 
-2290 


3 
SEG20 
-2313 
2089 
43 
DB4 
2290 
-2099 


4 
SEG,s 
-2313 
1833 
44 
DBs 
2290 
-1883 


5 
SEGIS 
-2313 
1617 
45 
DBt; 
2290 
-1667 


6 
SEG17 
-2313 
1401 
46 
D~ 
2290 
-1452 


7 
SEG,s 
-2313 
1186 
47 
COM, 
2313 
-1186 


8 
SEG,s 
-2313 
970 
48 
COM2 
2313 
-970 


9[ 
SEG'4 
-2313 
755 
49 
COM3 
2313 
-755 


10 
SEG'3 
-2313 
539 
50 
COM4 
2313 
-539 


11 
SEG'2 
-2313 
323 
51 
COMs 
2313 
-323 


12 
SEG" 
-2313 
108 
52 
COMs 
2313 
-108 


13 
SEG,o 
-2313 
-108 
53 
COM7 
2313 
108 


*1 


SEGs 
-2313 
-323 
54 
COMs 
2313 
323 


SEGs 
-2313 
-539 
55 
COMs 
2313 
539 
15 


16 
SEG7 
-2313 
-755 
56 
COM,o 
2313 
755 


17 
SEGs 
-2313 
-970 
57 
COM" 
2313 
970 


18 


1 
SEGs 
-2313 
-1186 
58 
COM'2 
2313 
1186 


19 
SEG4 
-2313 
-1401 
59 
COM'3 
2313 
1401 


20 
SEG3 
-2313 
-1617 
60 
COM'4 
2313 
1617 


21 
SEG2 
-2313 
-1833 
61 
COM,s 
2313 
1833 


¥.I 


SEG, 
-2313 
-2073 
62 
COM,s 
2313 
2095 


GND 
-2280 
-2290 
63 
SEG4Q 
2296 
2313 
asc, 
-2080 
-2290 
64 
SEG:Jg 
2100 
2313 
24 


25 
OSC2 
-1749 
-2290 
65 
SEG:Js 
1617 
2313 


26 
V, 
-1550 
-2290 
66 
SE~7 
1401 
2313 


27 
V2 
-1268 
-2290 
67 
SE~ 
1186 
2313 


28 
V3 
-941 
-2290 
68 
SE~ 
970 
2313 


~ 
V4 
~23 
-2290 
69 
SE~ 
755 
2313 


30 
Vs 
-304 
-2290 
70 
SE~ 
539 
2313 


31 
Cl, 
-48 
-2290 
71 
SE~ 
323 
2313 
32] 
Cl2 
142 
-2290 
72 
SE~, 
108 
2313 


33 
Vcc 
309 
-2290 
73 
SE~ 
-108 
2313 


34 
M 
475 
-2290 
74 
SE~ 
-323 
2313 


35 
0 
665 
-2290 
75 
SE~s 
---539 
2313 


36 
RS 
832 
-2290 
76 
SEGv 
-755 
2313 


37 
RfiJ 
1022 
-2290 
77 
SE~ 
-970 
2313 


38 
E 
1204 
-2290 
78 
SE~s 
-1186 
2313 


39 
DBa 
1454 
-2290 
79 
SE~4 
-1401 
2313 


40 
DB, 
1684 
-2290 
80 
SE~ 
-1617 
2313 


HITACHI 
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HD44780U 


Pin Functions 


No. of 
Device 


Signal 
Lines 
110 
Interfaced 
whh 
Function 


RS 
I 
MPU 
Selects registers. 
0: Instruction 
register (for write) 
Busy flag: address counter 
(for read) 
1: Data register 
(for write and read) 


ANI 
MPU 
Selects 
read or write. 
0: Write 
1: Read 


E 
1 
I 
MPU 
Starts data read/write 


DB4 to DB] 
4 
110 
MPU 
Four high order bidirectional 
tristate 
data bus 
pins. 
Used for data transfer 
and receive 
between the MPU and the HD44780U. 
DB] can be used as a busy flag. 


DBoto 
DB3 
4 
110 
MPU 
Four low order bidirectional 
tristate 
data bus 
pins. 
Used for data transfer 
and receive 
between the MPU and the HD44780U. 
These 
pins are not used during 4-bit operation. 


Cl1 
0 
HD441 00 
Clock to latch serial data 0 sent to the 
HD441 00 driver 


Cl2 
0 
HD441 00 
ClOck to shift serial data 0 


M 
0 
HD441 00 
Switch signal for converting 
the liquid crystal 
drive waveform 
to AC 


0 
0 
HD441 00 
Character 
pattern data corresponding 
to each 
segment 
signal 


COM1 to COM16 
16 
0 
LCD 
Common 
signals that are not used are 
changed 
to non-selection 
waveforms. 
COMg 
to COM16 are non-selection 
waveforms 
at 1/8 
duty factor and COM12 to COM16 are non- 
selection 
waveforms 
at 1/11 duty factor. 


SEG1 to SEG40 
40 
0 
LCD 
Segment 
signals 


V1 to Vs 
5 
Power supply 
Power supply for LCD drive 
Vcc -Vs" 
11 V (max) 


Vcc. GND 
2 
Power supply 
Vcc: 2.7 V to 5.5 V, GND: 0 V 


OSC1,OSC2 
2 
Oscillation 
When crystal oscillation 
is performed. 
a 
resistor 
resistor must be connected 
externally. 
When 
clock 
the pin input is an external 
clock, it must be 
input to OSC1. 


Function Description 


Re~ters 


Th~ HD44780U 
has two 8-bit registers, 
an 
inslroction register (IR) and a data register (DR). 


Th~ IR stores instruction codes, such as display 
cleljI'and cursor shift, and address information for 
disflay 
data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can only be 
wriiten from the MPU. 


The DR temporarily stores data to be written into 
DD RAM or CG RAM and temporarily stores data 
to tk read from DD RAM or CG RAM. 
Data 
=t 


n into the DR from the MPU is automatically 


wri 
n into DD RAM or CG RAM by an internal 


o 
I tion. The DR is also used for data storage 


whep reading data from DD RAM or CG RAM. 
WhCn address information is written into the IR, 
data is read and then stored into the DR from DD 
RA¥ or CG RAM by an internal operation. Data 
transfer between the MPU is then completed when 
the ¥I'U reads the DR. After the read, data in DD 
RAN,!or CG RAM at the next address is sent to 
the DR for the next read from the MPU. By the 


~~~:e~~=~ta<:'~)I;.ignal, 
these two registers 


When the busy flag is I, the HD44780U is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = 0 and R/W = 1 
(table I), the busy flag is output to DB7. The next 
instruction must be written after ensuring that the 
busy flag is O. 


Address Counter (AC) 


The address counter (AC) assigns addresses to 
both DD RAM and CG RAM. When an address 
of an instruction is written into the IR, the address 
information 
is sent from the IR to the AC. 


Selection of either DD RAM or CG RAM is also 
determined concurrently by the instruction. 


After writing into (reading from) DD RAM or CG 
RAM, the AC is automatically incremented by 1 
(decremented by 1). The AC contents are then 
output to DBo to DB6 when RS = 0 and R/W = 1 
(table 1). 


Tablf 1 Register Selection 


RS 
RIW 
Operation 


o 
I 
0 
IRwrite as an internaloperation(displayclear,etc.) 
o--l 
1 
Readbusyflag (OB7)and addresscounter(OBoto OB6) 


1 
0 
DRwrite as an internaloperation(DRto DORAMor CG RAM) 


1 
1 
DR read as an internaloperation(DORAMor CG RAMto DR) 


Display Data RAM (DD RAM) 


Display data RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its extended 
capacity is 80 x 8 bits, or 80 characters. The area 
in display data RAM (DD RAM) that is not used 
for display can be used as general data RAM. 
See 
figure I for the relationships between DD RAM 
addresses 
and positions on the liquid crystal 
display. 


The DD RAM address (ADD) is set in the address 
counter (AC) as hexadecimal. 


- 
Case 1: When there are fewer than 80 
display characters, the display begins at the 
head position. For example, if using only 
the HD44780, 8 characters are displayed. 
See figure 3. 


When 
the display 
shift 
operation 
is 
performed, the DD RAM address shifts. 
See figure 3. 


- 
Case 2: For a 16-character display, the 
HD44780 
can be extended 
using one 
HD44100 and displayed. See figure 4. 


When 
the display 
shift 
operation 
is 
performed, the DD RAM address shifts. 
See figure 4. 


- 
Case 3: The relationship 
between 
the 
display position and DD RAM 
address 
when the number of display 
digits 
is 
increased through the use of two or more 
HD44100s 
can be considered 
as an 
extension of case #2. 


Since the increase can be eight digits per 
additional HD44100, up to 80 digits can be 
displayed by externally connecting nine 
HD44100s. See figure 5. 


High order 
Low order 
I--- bits 
•.I.. 
bits ----J 


AC 
~ 
(hexadecimal)~ 


Display position 
(digit) 
1 
2 
3 
4 
5 
79 
80 


DdDdRAM 
~-.-.- 
.. -.-. -.. -.- .• -.-. -.. -.- ..-I~ 
a 
ress 
~~ 
~ 
(hexadecimal) 


Display 
pos~~n 
1 
2 
3 
4 
5 
6 
7 
8 
DDRAM= 
address~ 


For 
~ 
shiftleft~ 


For 
~ 
shiftright~ 


~--_y 
~/\. 
y 


HD44780 display 
HD44100 display 


For 
shift left 


Display 
position 
1 
2 
3 
4 
5 
6 
7 
8 
9 10 11 1213 14 15 16 17 18 1920 


DDRAM 
address 


lsl HD44100 
display 
2nd 10 8th HD44100 
display 
9th HD44100 
display 


Case 
1: When the number of display 
characters is less than 40 x 2 lines, the two 
lines are displayed from the head. Note 
that the first line end address and the 
second 
line 
start 
address 
are 
not 


consecutive. 
For example, when just the 


HD44780 is used, 8 characters x 2 lines are 
displayed. See figure 7. 


When display shift opemtion is performed, 
the DD RAM address shifts. See figure 7. 


Display 
position 


DO RAM 
address 
(hexadecimal) 


00 
01 
02 
03 
04 .................. 
26 
27 


40 
41 
42 
43 
44 .................. 
66 
67 


Display 
position 


DO RAM 
address 
00 01 02 03 04 05 06 07 


40 41 42 43 44 45 46 47 


For 
shift left 
01 02 03 04 05 06 07 08 


41 42 43 44 45 46 47 48 


For 
shift right 
27 00 01 02 03 04 05 06 


67 40 41 42 43 44 45 46 


- 
Case 2: For a 16-characlerx 2-line display, 
the HD44780 can be extended using one 
HD44100. See figure 8. 


when the number of display 
digits is 
increased by using one HD44780U and 
two or more HD44100s, can be considered 
as an extension of case #2. See figure 9. 
When display shift operation is performed, 
the DD RAM address shifts. See figure 8. 


- 
Case 3: The relationship 
between 
the 
display position and DD RAM address 


Since the increase can be 8 digits x 2 lines 
for each additional 
HD44100, 
up to 
40 digits x 2 lines can be displayed by 
externally connecting four HD44100s. 


DO RAM 
address 


Display 
position 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 1213 
14 15 16 


For 
shift left 


For 
shift right 


00 0102 0304 05 06070809Oil08OC OC OE OF 


40 4142 4344 45 464748494/l484C4C 4E 4F 


y----/\---y---- 


HD44780U display 
HD44100 display 


010" 0304 05 060708 09OilOEOC 00 OEOF 10 


4142 4344 45464748 494A 484C 40 4E 4F 50 


2700 0102 0304 05 060708 09Oil08pc 00 OE 


6740 4142 4344 45 464748 494/l48~C 40 4E 


~'-----y----J 
'----v 
/'-----y----J 


H044780U display 1stH044100 
2ndand3rdH044100 
4thH044100 
display 
display 
display 


Character Generator ROM (CG ROM) 


The character generator ROM generates 5 x 8 dot 
or 5 x 10 dot character 
patterns 
from 8-bit 
character 
codes 
(table 
4). 
It can generate 
208 5 x 8 dot character patterns and 32 5 x 10 dot 
character patterns. User-defined character patterns 
are also available by mask-programmed ROM. 


Character Generator RAM (CG RAM) 


In the character generator RAM, the user can 
rewrite character patterns by program. For 5 x 8 
dots, eight character patterns can be written, and 
for 5 x 10 dots, four character patterns can be 
written. 


Write into DD RAM the character codes at the 
addresses shown as the left column of table 4 to 
show the character patterns stored in CG RAM. 


See table 5 for the relationship between CG RAM 
addresses and data and display patterns. 


Areas that are not used for display can be used as 
general data RAM. 


The following 
operations 
correspond 
to the 
numbers listed in figure 10: 


1. Determine 
the correspondence 
between 
character codes and character patterns. 


2. Create a listing indicating the correspondence 
between EPROM addresses and data. 


3. Program 
the character 
patterns 
into the 
EPROM. 


5. Computer 
processing 
on the EPROM 
is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 


6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI proceeds at Hitachi. 


Determine 
character 
patterns 


This section explains 
the correspondence 
between addresses and data used to program 
character 
patterns 
in 
EPROM. 
The 
HD44780U character generator 
ROM can 
generate 208 5 x 8 dot character patterns and 
32 5 x 10 dot character patterns for a total of 
240 different character patterns. 


EPROM address data and character pattern 
data correspond with each other to form a 
5 x 8 or 5 x 10 dot character 
pattern 
(tables 2 and 3). 


Table 2 Example of Correspondence between EPROM Address Data and Character Pattern 
(S x 8 dots) 


LSB 
A11A10 
Ag As A7 As As A4 A3 A2 A1 Ao 0403 
O2 0100 


o 
0 
0 
0 


000 
1 


001 
0 
o 
0 
1 
1 
o 
1 
0 
0 


o 
1 
0 
1 
o 
1 
1 
0 
0 
o 
0 
0 
0 
1 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
---- 
Cursor position 
------------------------------------ 
----- 
-------------------- ------- ------------ ----- --- 
100000000 


100100000 


101000000 


101100000 


110000000 


110100000 


111000000 


111100000 


Line 
position 


Notes: 
1. 
2. 
3. 
4. 
5. 
6. 


EPROM addresses A11 to A3 correspond to a character code. 
EPROM addresses A3 to Ao specify a line position of the character pattern. 
EPROM data 04 to 00 correspond to character pattern data. 
EPROM data Os to 07 must be specified as O. 
A lit display position (black) corresponds to a 1. 
Line 9 and the following lines must be blanked with Osfor a 5 x 8 dot character fonts. 


1. EPROM data outside the character pattern 
area: Always input Os. 


2. EPROM 
data in CG RAM area: 
Always 
input Os. (Input Osto EPROM addresses DOH 
tofFH.) 


3.\ EPROM data used when the user does not 
use any HD44780U 
character 
pattern: 
According to the user application, handled in 
one of the two ways listed as follows. 


i. 
When unused character patterns are not 
programmed: If an unused character code 
is written into DD RAM, all its dots are lit 
By not programing a character pattern, all 
of its bits become lit 
(This is due to the 
EPROM being filled with Is after it is 
erased.) 


ii. When unused 
character 
patterns 
are 
programmed 
as Os: Nothing is displayed 
even if unused character codes are written 
into DD RAM. 
(This is equivalent to a 
space.) 


;lle 
3 Example of Correspondence between EPROM Address Data and Character Pattern 
(S x 10 dots) 


EPROM Address 
Data 


LSB 
A11A10 
Ag 
As 
A7 
A6 
As A4 
A3 
A2 
A1 
Ao 0403 
O2 0, 00 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
1 
0 
0 
0 


0 
0 
1 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
0 
1 


0 
1 
1 
0 


0 
1 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 


1 
0 
0 
0 
0 
0 


1 
0 
0 
1 
0 
0 
--------.- ---.--------.------- -.-.--.--..- .-.---------- ------- --------------------- 
1 
0 
1 
0 
0 
0 
0 
-- 
Cursor position 


1 
0 
1 
1 
0 
0 
0 


1 
1 
0 
0 
0 
0 
0 


1 
1 
0 
1 
0 
0 
0 


1 
1 
1 
0 
0 
0 
0 


1 
1 
1 
1 
0 
0 
0 
0 


Character 
code 
Line 
position 


NotEls: 1. 
EPROM 
addresses 
An to A3 correspond 
to a character 
code. 


2. 
EPROM 
addresses 
A3 to Ao specify a line position of the character 
pattern. 


3. 
EPROM 
data 04 to 00 correspond 
to character 
pattern data. 


4. 
EPROM 
data Os to 07 must be specified 
as O. 


5. 
A lit display position 
(black) corresponds 
to a 1. 


6. 
Line 11 and the following 
lines must be blanked 
with Os for a 5 x 10 dot character 
fonts. 


CG 


xxxxOOOO 
~ 


1able 4 Correspondence between Character Codes and Character Patterns (ROM code: AOl) 


~ 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 


CG 
~ 
A ;il FI ... F· l:r: E: 
·51 - 
-~ 
·51 
xxxxoooo 
RAM .;. 
LI - 
- 
(1) 
- 
." 
1 1 A 1'::1 
-=-I ij 
f 
~ 
.::.. 8 or 
rXXOOO1 
(2) 1 
.;. 
~ 
n 
" 
.- II ·-1 E: I:;:~l-I 


r/' I:E r .r{ 
.... 
--- 
I<XxxOO10 
(3) I-I 
Jl.. 
t-· .=- 
III 
Xl n III 
. 
. 


I:Jjt 
~ 
1-: 1-· 
.. .. 
r) - 
Pf 
--- 
1-. -= .;. CI -' 
T r 
- 
Iocxxoo11 
(4) 
• ·1 
.-. 
_. 
T 
.- $ 4 [) T 1::1t. .. .. 
I ~.t:- El:- ~: 
iXX0100 
(5) t-. 
.;. 1:1 ..- 
.-.- • • I::"E LI 
. . 
;.t t -l iii 
~. 
(6) t·J .. 
E- LJ .=- CI 
xxxx0101 
r/'. ._1 
• 
.-. 


~XX0110 
.:1 .-;. ~I F 1..1 f· I..• :.:: i_J =3 11 - =3 fi 1.:1: 
(7) - 
I~.~ 
.;. 


~XX0111 
-:1 
:- ? 13 1.1 
I;. 
0. 
=t= 
- 
=1= 
~ 
(8) 
.=1 III 
LJ -;:- 
":":I ., 
... 
· 
-:" :=: H I I ~-. .. .. 
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I1'able 5 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) 


Character 
Codes 
(DO RAM data) 


7 
6 
5 
4 
321 
0 


000 


001 


010 
o 
1 
1 
1 0 0 
1 0 
1 
1 
1 0 


1 
1 
1 


000 


001 


010 
o 
1 
1 
1 0 0 
1 0 
1 
1 
1 0 
1 
1 1 


000 


001 


Character 
Patterns 
(CG RAM data) 


7 
6 
5 
4 
321 
0 


Character 
pattern 
(1) 


Character 
pattern 
(2) 


• 
• 
* 
I,,,, 
,, 


o 0 
o 
1 
1 0 


1 
1 
• 
• 
• 


N tes: 
1. 
Character 
code bits 0 to 2 correspond 
to CG RAM address 
bits 3 to 5 (3 bits: 
8 types). 


2. 
CG RAM address 
bits 0 to 2 designate 
the character 
pattern 
line position. 
The 8th line is the 
cursor 
position 
and its display 
is formed 
by a logical 
OR 
with the cursor. 


Maintain 
the 8th line data, corresponding 
to the cursor 
display 
position, 
at 0 as the cursor 
display. 


If the 8th line data is 1, 1 bits will light up the 8th line regardless 
of the cursor 
presence. 


3. 
Character 
pattern 
row positions 
correspond 
to CG RAM data bits 0 to 4 (bit 4 being at the left). 


4. 
As shown 
table 5, CG RAM character 
patterns 
are selected 
when 
character 
code bits 4 to 7 
are all O. However, 
since character 
code bit3 
has no effect, 
the R display 
example 
above 
can be selected 
by either character 
code DOH or 08H. 


5. 
1 for CG RAM data corresponds 
to display 
selection 
and 0 to non-selection. 


• Indicetes 
no effect. 


Table 5 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 


Patterns (CG RAM data) (cont) 


Character Cod •• 


(DO RAM data) 


7 6 
5 
4 
3 
2 
1 0 
543210 


High 
Low 


:0 
0 
0 
0 


:0 0 
0 
1 
Jo 
0 
1 0 


:0 0 
1 
1 


:0 
1 
0 
0 
0 
0 
0 
0 • 
0 
0 • 
0 
0:0 
1 
0 
1 


:0 
1 
1 0 
:0 
1 
1 
1 


: 1 
0 
0 
0 
, 
: 1 
0 
0 
1 


:1 
0 
1 0 
-- --- --------- -- ---- -- ---- - -- - --,..-- ------- 


:1 
0 
1 
1 


: 1 
1 
0 
0 
, 


0 
1 
1 
1 


1 
1 
1 0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 


0 
0 
0 
0 • 
1 
1 • 
1 
1 
0 
0 
0 
1 0 
----- ------ --------- -- 
._._--,..---------- 


: 1 c 
1 
1 


: 1 
1 
0 
0 


: 1 
1 
0 
1 


: 1 
1 
1 
0 


: 1 
1 
1 
1 


Character Patterns 
(CG RAM data) 


7 
6 
5 
4 
321 
0 


High 
Low 


••• • 
••• : 0 
:0 


Character 
pattern 


-~--~. -~-~p-_.--------- 
... 
:..... 


I: 
I 
•••••••••, 
••• 
• 
••• 
I,,,,, 


, 


-~--~ --~-~---- --- --- --- 
... 
:..... 


!: 
! 
••• 
,** 
••• 


Notes: 
1. Character code bits 1 and 2 correspond to CG RAM address bits 4 and 5 (2 bits: 4 types). 
2. CG RAM address bits 0 to 3 designate the character pattern line position. The 11th line is 
the cursor position and its display is formed by a logical OR with the cursor. 
Maintain the 11th line data corresponding to the cursor display positon at 0 as the cursor display. 
If the 11th line data is ·1·, ·1" bits will light up the 11th line regardless of the cursor presence. 
Since lines 12 to 16 are not used for display, they can be used for general data RAM. 


3. 
Character pattern row positions are the same as 5 x 8 dot character pattern positions. 


4. 
CG RAM character patterns are selected when character code bits 4 to 7 are all O. 
However, since character code bits 0 and 3 have no effect, the P display example above 
can be selected by character codes OOH,01H, OSH,and 09H. 


5. 
1 for CG RAM data corresponds to display selection and 0 to non-selection. 
• Indicates no effect. 


iming Generation Circuit 


l1he timing generation circuit generates timing 
SignalSfor the operation of internal circuits such as 
I:lD RAM, CG ROM and CG RAM. RAM read 
~ing 
for display and internal operation timing by 
~PU 
access are generated separately to avoid 
i terfering with each other. 
Therefore, when 


writing data to DD RAM, for example, there will 
~ no undesirable interferences, such as flickering, 


~ 


.I areas other than the display area. This circuit 
so generates timing signals for the operation of 
e externally connected HD44100 driver. 


~ 


qUid Crystal Display Driver Circuit 


e liquid crystal display driver circuit consists of 
1 common signal drivers and 40 segment signal 
~vers. 
When the character font and number of 
Hres are selected by a program, the required 
common signal drivers automatically output drive 
w~veforms,while the other common signal drivers 
Clntinue to output non-selection waveforms. 


T e segment signal driver has essentially the same 
c nfiguration as the HD44100 driver. Character 
Pattern data is sent serially through a 40-bit shift 
re~ister and latched when all needed data has 
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arrived. The latched data then enables the driver 
to generate drive waveform outputs. 
The serial 
data can be sent to externally cascaded HD44100s 
used for displaying extended digit numbers. 


Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, 
the 
HD44780U drives from the head display. The rest 
of the display, corresponding to latter addresses, 
are added with each additional HD44100. 


Cursor/Blink Control Circuit 


The cursor/blink 
control circuit generates the 
cursor or character blinking. 
The cursor or the 
blinking will appear with the digit located at the 
display data RAM (DD RAM) address set in the 
address counter (AC). 


For example (figure 11), when the address counter 
is 08H, the cursor position is displayed at DD 
RAM address 08H. 


For a 1-line display 


Display position 


DO RAM address 
{ 
(hexadecimal) 


Display position 


DO RAM address 
{ 
(hexadecimal) 


00 
01 
02 
03 
04 
05 
06 
07 
~ 
09 
OA 


40 
41 
42 
43 
44 
45 
46 
47 
\48 
49 
4A 


./ 
cursor position 


Note: 
• The cursor or blinking appears when the address counter (AC) selects the character 
generator 
RAM (CG RAM). 
However. 
the cursor and blinking become meaningless. 
The cursor or blinking is displayed 
in the meaningless 
position when the AC is a CG RAM address. 


Interfacing 
to the MPU 


The HD44780U can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 


For 4-bit interface data, only four bus lines 
(DB4 to DB7) are used for transfer. Bus lines 
DBa to DB3 are disabled. 
The data transfer 
between 
the HD44780U 
and the MPU is 
completed 
after 
the 4-bit 
data has been 
transferred twice. 
As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB4 to DB7) are transferred before 
the four low order bits (for 8-bit operation, 
DBa toDB3). 


The 
busy 
flag 
must 
be 
checked 
(one 
instruction) 
after the 4-bit data has been 
transferred twice. Two more 4-bit operations 
then transfer the busy flag and address counter 
data. 


For 8-bit interface data, all eight bus lines 
(DBa to DB7) are used. 


Initializing by Internal Reset Circuit 


An internal reset circuit automatically initializes 
the HD44780U when the power is turned on. The 
following instructions are executed during the 
initialization. 
The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state lasts for 10 ms after Vcc rises to 
4.5V. 


1. Display clear 


2. Function set: 
DL = 1; 8-bit interface data 
N = 0; I-line display 
F = 0; 5 x 8 dot character font 


3. Display on/off control: 
D = 0; Display off 
C = 0; Cursor off 
B = 0; Blinking off 
4. Entry mode set: 
lID = 1;Increment by 1 
S = 0; No shift 
Note: If the electrical characteristics conditions 
listed 
under 
the table 
Power 
Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD44780U. 
For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing 
by 
Instruction. 


Busy Ilag (BF) and 
address counter (AC) 
read 


~utline 


qnly the instruction register (IR) and the data 
register (DR) of the HD44780U can be controlled 
by the MPU. Before starting the internal operation 
of the HD44780U, 
control 
information 
is 
temporarily stored into these registers to allow 
interfacing with various MPUs, which operate at 
different speeds, or various peripheral control 
devices. The internal operation of the HD44780U 
isl determined by signals sent from the MPU. 
These signals, which include register selection 
sifnal (RS), read/write signal (R/W), and the data 
bus (DBo to DB7), make up the HD44780U 
instructions (table 6). There are four categories of 
in~tructionsthat: 


Designate 
HD44780U 
functions, 
such as 
display format, data length, etc. 


N~~ally, 
instructions that perform data transfer 
wir 


internal RAM are used the most. However, 


auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD44780U RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 11) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 


When an instruction is being executed for internal 
operation, no instruction 
other than the busy 
flag/address read instruction can be executed. 


Because 
the busy flag is set to 1 while an 
instruction is being executed, check it to make 
sure it is 0 before sending another instruction from 
theMPU. 


Note: Be sure the HD44780U is not in the busy 
state (BF = 0) before sending an instruction 
from the MPU to the HD44780U. 
If an 
instruction is sent without checking the 
busy flag, 
the time between 
the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 6 for the list of each instruc- 
tion execution time. 


HD44780U 


Table 6 Instructions 


Code 
Execution 
llrne 


(max) 
(when 
fcp or 
Instruction 
RS 
RNi 
DB7 
DBs 
DBs 
DBc 
DBa 
DB2 
DB, 
DBo 
Description 
rose Is 270 kHz) 


Clear 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
Clears 
entire display 
and 
15.2 ms 
display 
sets DO RAM address 
0 in 
address 
counter. 


Return 
0 
0 
0 
0 
0 
0 
0 
0 
Sets DO RAM address 
0 in 
15.2ms 
home 
address 
counter. 
Also 
returns 
display 
from being 
shifted 
to original 
position. 


DO RAM contents 
remain 


unchanged. 


Entry 
0 
0 
0 
0 
0 
0 
0 
I/O 
8 
Sets cursor 
move direction 
371lS 
mode set 
and specifies 
display 
shift. 


These 
operations 
are 
performed 
during 
data 
write and read. 


Display 
0 
0 
0 
0 
0 
0 
0 
C 
B 
8ets entire 
display 
(D) 
371lS 


on/off 
on/off, 
cursor 
on/off 
(C), 
control 
and blinking 
of cursor 
position 
character 
(B). 


Cursor 
or 
0 
0 
0 
0 
0 
SIC 
RlL - 
Moves 
cursor 
and shifts 
371lS 
display 
display 
without 
changing 
shift 
DO RAM contents. 


Function 
0 
0 
0 
0 
oL 
N 
F 
Sets interface 
data length 
371lS 
set 
(oL), 
number 
of display 
lines (N), and character 
font (F). 


SetCG 
0 
0 
0 
ACG 
Aca 
AcG 
ACG AcG 
ACG 
Sets CG RAM address. 
371lS 
RAM 
CG RAM data is sent and 
address 
received 
after this setting. 


Set DO 
0 
0 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
Sets DO RAM address. 
371lS 
RAM 
DO RAM data is sent and 
address 
received 
after this setting. 


Read busy 
0 
BF 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
Reads 
busy flag (BF) 
OIlS 
flag & 
indicating 
internal 
operation 
address 
is being performed 
and 
reads address 
counter 
contents. 


* 


'tedata 
t 
CGor 
o 
RAM 


Read data 
Ir~CGor 
DpRAM 


I 


Code 


RS 
RJW DB7 DBa DBs DB. 
o 
Write data 


Description 


Writes data into DO RAM 
orCG RAM. 


Execution TIme 
(mex) (when Icp or 
lose Ie 270 kHz) 


37).1S 
tADo=4).1S- 


Reads data Irom DO RAM 
37).1S 
or CG RAM. 
tADD= 4 ).IS- 


- 
",,' ,,,to4'---------------- 


: 
X=======A=+=1======= 
:. 
..: 


Execution time 
changes when 
Irequency changes 
Example: 
When I", or lose 
is 250 kHz, 


270 
37 ).IS x 250 = 40 ).IS 


110 = 1: Increment 


110 = 0: Decrement 
S 
= 1: Accompanies display shift 
SIC = 1: Display shift 
SIC = 0: Cursor move 
AIL = 1: Shift to the right 
AIL = 0: Shift to the left 
DL = 1: 8 bits, DL = 0: 4 bits 
N 
= 1: 2 lines, N = 0: 1 line 
F 
= 1: 5 x 10 dots, F = 0: 5 x 8 dots 
SF = 1: Internally operating 
SF = 0: Instructions acceptable 


- 
indicates no effect. 


- After execution 01 the CG RAM/DO RAM data write or read instruction, the RAM address counter is 


incremented or decremented by 1. The RAM address counter is updated after the busy Ilag turns off. 
In figure 13, tADois the time elapsed after the busy flag turns off until the address counter is updated. 


DO RAM: Display data 
RAM 
CG RAM: Character 
generator RAM 
ACG:CG RAM address 
ADD: DO RAM address 
(corresponds to 
cursor address) 
AC: 
Address counter 
used lor both DO and 
CG RAM addresses 


Busy signal 
(O~ 
pin) 


Address 
counter 


(OBo to OB6 pins) 


Note: 
t ADD depends 
on the operation 
frequency 
t ADD = 1.5/(f cpor fosc) seconds 


• 
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Instruction Description 


Clear Display 


Clear display writes space code 20H (character 
pattern for character code 20H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address 0 into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the fIrst line if 2 lines are displayed). It 
also sets lID to 1 (increment mode) in entry mode. 
S of entry mode does not change. 


Return home sets DD RAM address 0 into the 
address counter, and returns the display to its 
original status if it was shifted. 
The DD RAM 
contents do not change. 


The cursor or blinking go to the left edge of the 
display (in the first line if 2 lines are displayed). 


Entry Mode Set 


lID: Increments (lID = 1) or decrements (lID = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 


The cursor or blinking moves to the right when 
incremented 
by 
1 and 
to 
the 
left 
when 
decremented by 1. The same applies to writing 
and reading of CG RAM. 


S: Shifts the entire display either to the right 
(lID = 0) or to the left (lID = 1) when S is 1. The 
display does not shift if S is O. 


If S is I, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM does not shift 
the display. 


Display On/Off Control 


D: The display is on when D is 1 and off when D 
is O. When off, the display data remains in DD 
RAM, but can be displayed instantly by setting 
D to 1. 


C: The cursor is displayed when C is 1 and not 
displayed 
when C is O. Even if the cursor 
disappears, 
the 
function 
of 
liD 
or other 
specifIcations will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 8 dot character font selection and 
in the 11th line for the 5 x 10 dot character font 
selection (fIgure 16). 


B: The character indicated by the cursor blinks 
when B is 1 (fIgure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 409.6-ms intervals when 
fepor fose is 250 kHz. The cursor and blinking 
can be set to display 
simultaneously. 
(The 
blinking frequency changes according to fose or 
the reciprocal of fep. For example, when fep is 
270 kHz, 409.6 x 250/270 = 379.2 ms.) 


Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 7). 
This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the fIrst line. Note that 
the fIrst and second line displays will shift at the 
same time. 


When the displayed data is shifted repeatedly each 
line moves only horizontally. 
The second line 
display does not shift into the fIrst line position. 


The address counter (AC) contents will not change 
if the only action performed is a display shift 


DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB? to DBo) when 
DL is I, and in 4-bit lengths (DB? to DB4) when 
DLisO. 


When 4-bit length is selected, data must be sent or 
received twice. 


jS'" the,""""Ie< font 


NIte: Perform the function at the head of the 
program before executing any instructions 
(except for the read busy flag and address 
instruction). From this point. the function 
set instruction cannot be executed unless 
the interface data length is changed. 


Set CG RAM address sets the CG RAM address 
binary AAAAAA into the address counter. 


Data is then written to or read from the MPU for 
CGRAM. 


Set DD RAM address 
sets the DD RAM address 
binary AAAAAAA 
into the address counter. 


Data is then written to or read from the MPU for 
DDRAM. 


However, 
when 
N is 
0 
(I-line 
display). 
AAAAAAA 
can be OOH to 4FH. 
When N is I 
(2-line display). 
AAAAAAA 
can be OOH to 27H 
for the first line, and 40H to 67H for the second 
line. 


Read Busy Flag and Address 


Read busy flag and address 
reads the busy flag 


(BF) indicating 
that the system is now internally 


operating on a previously 
received 
instruction. 
If 


BF is I. the internal operation 
is in progress. 
The 


next instruction 
will not be accepted 
until BF is 


reset to O. Check the BF status before 
the next 


write operation. 
At the same time, the value of the 


address counter in binary AAAAAAA 
is read oUL 


This address counter is used by both CO and DD 
RAM addresses, and its value is determined 
by the 


previous instruction. 
The address contents are the 


same as for instructions 
set CG RAM address and 


set DD RAM address. 


SIC 


o 
o 


Shifts the cursor position to the left. (AC is decremented 
by one.) 


Shifts the cursor position to the right. (AC is incremented 
by one.) 


Shifts the entire display to the left. The cursor follows the display shift. 


Shifts the entire display to the right. The cursor follows the display shift. 


Table 8 
Function 
Set 


No. of 
Display 
Character 
Duty 
N 
F 
Lines 
Font 
Factor 


0 
0 
1 
5x8dots 
1/8 


0 
1 
1 
5 x 10 dots 
1/11 


1 
• 
2 
5x8dots 
1/16 


Note: • Indicates don't care. 


Z Cursor _ 
•••~;;;;~ 


5x8dot 
5x10dot 
character font 
character font 


Cursor display example 


Figure 16 
Cursor and Blinking 


RS 
RIW 
DB7 
DBs 
DBs 
DB4 
DB3 
D~ 
DB1 
DBa 


SetDD 
Code 
RAM address 
- 
- 
Higher 
Lower 
order bit 
order 
bit 


RS 
RIW 
DB7 
DBs 
DBs 
DB4 
DB3 
D~ 
DB, 
DBa 


Read busy flag 
Code 
and address 
- 
- 
Higher 
Lower 
order bit 
order bit 


Figure 17 


HD44780U 


Write Data to CG or DD RAM 


Write data to CG or DD RAM writes 8-bit binary 
data DDDDDDDD to CG or DD RAM. 


To write into CG or DD RAM is determined by 
the previous specification of the CG RAM or DD 
RAM address setting. Mter a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift. 


Read data from CG or DD RAM reads 8-bit binary 
data DDDDDDDD from CG or DD RAM. 


The previous designation determines whether CG 
or DD RAM is to be read. 
Before entering this 
read instruction, either CG RAM or DD RAM 
address set instruction must be executed. 
If not 
executed, the first read data will be invalid. When 
serially executing 
read instructions, 
the next 
address data is normally read from the second 
read. 
The address set instructions need not be 


executed just before this read instruction when 
shifting the cursor by the cursor shift instruction 
(when reading out DD RAM). The operation of 
the cursor shift instruction is the same as the set 
DD RAM address instruction. 


After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
display shift is not executed regardless of the entry 
mode. 


Note: The address counter (AC) is automatically 
incremented or decremented by 1 after the 
write instructions to CG RAM or DD RAM 
are executed. 
The RAM data selected by 
the AC cannot be read out at this time even 
if read instructions are executed. Therefore, 
to correctly read data, execute either the 
address 
set instruction 
or cursor 
shift 
instruction (only with DD RAM), then just 
before reading the desired data, execute the 
read instruction from the second time the 
read instruction is sent. 


RS 
RiW 
DB7 
DBa DBs 
DB4 
DB3 
DB2 
DB, 
DBa 


Write data to 
Code 
CGorDD 
RAM 


_ 
Higher 
Lower _ 
order bits 
order bits 


RS 
RiW 
DB7 
DBa DBs 
DB4 
DB3 
DB2 
DB, 
DBa 


Read data from 
Code 
CGorDD 
RAM 


Higher 
Lower _ 
- 
orderbits 
order bits 


Figure 18 


Interfacing 
the HD44780U 


IoJerrace 
to MPUs 
In this example. 
PBo to PB1 are connected 
to 
the data bus DBo to DB1•and PAo to PAz are 
connected to E. R/W. and RS. respectively. 
Interfacing 
to an 8-bit MPU through a PIA 


See figure 20 for an example of using a PIA or 
I/O port (for a single-chip 
microcomputer) 
as 
an interface 
device. 
The input and output of 
the device is TIL compatible. 


Pay careful attention to the timing relationship 
between E and the other signals when reading 
or writing data using a PIA for the interface. 


r 


~ntemal 
tperation 


pB7 = 
Not 
2ZX 
Data 
~~~"""""'B-u-sy"""'<@L0'<7'""7"""""""'""7T""B-us-y""'%""'~""'~""'~""7/?X"" 
bUsy~ 
Data 
~ 


I 
=~Iag 
I 
~~~k"ag 
I 
~~:~flag 
I 
~~~ction 
Instruction 
write 


HD68BOO 
HD6aB21/HD63B21 
HD447aou 
(a-bit CPU) 
(PIA) 


A'5 
CS2 
COM, to 
16 
A'4 
CS, 
PA2 
RS 
COM'6 
A'3 
CSo 
PAl 
Rfii 
A, 
RS, 
LCD 


Ao 
RSo 
PAo 
E 
SEG,to 
RIW 
RIW 
SEG40 
VMA 
E 
a 
,,2 
PBo to PB7 
DBoto DB7 
a 
DBo to DB7 
Do to 07 


VMA 
~ 
I 
COMllo 
16 
s2 
I 
E 
COM16 
A16 
- 
Ao 
RS 


RIW 
RiW 
SEGllo 
40 
8 
DBoto 
DB7 
SEG40 
Dolo 07 


8 
COMl 
to 
16 
P30 to P37 
DBo to DB7 
COM16 


Pn 
E 


P76 
RS 
SEG, 
to 
40 


P75 
RiW 
SEG40 


P34 
RS 
COMl 
to 
16 
P35 
RiW 
COM16 
P36 
E 


P10 to P17 
DBo 10 DB7 SEG, 
to 
40 
8 
SEG40 


See figure 25 for an interface 
example 
to the 
HMCS4019R. 


The HD44780U 
can be connected 
to the I/O 
port 
of a 4-bit 
MPU. 
If the I/O port 
has 
enough 
bits, 
8-bit 
data 
can be transferred. 
Otherwise, 
one data transfer must be made in 
two operations 
for 4-bit data. 
In this case, the 
timing sequence becomes 
somewhat 
complex. 
(See figure 24.) 


Note that two cycles are needed for the busy 
flag check as well as for the data transfer. 
The 
4-bit operation is selected by the program. 


RS 


ANI 


_~___ 
FUIlCiiofilil9 
~-- 
Internal 
operation 


Instruction 
write 
Busy flag 
check 
Busy flag 
check 
Instruction 
write 


Note: • 1R7. IR3 are the 7th and 3rd bits of the instruction 
AC3 is the 3rd bit of the address 
counter 


HMCS4019R 
H044780 


015 
RS 
COM1 to 
16 


014 
ANI 
COM16 


013 
E 
LCD 


4 
SEG1 to 
R10to R13 
OB4to OB7 
SEG40 


Character 
Font and Number 
of Lines: The 
HD44780U can perform two types of displays, 5 x 
8 dot and 5 x 10 dot character fonts, each with a 
cursor. 


The number of lines and font types can be selected 
by the program. (See table 6, Instructions.) 


Up to two lines are displayed for 5 x 8 dots and 
one line for 5 x 10dots. Therefore, a total of three 


Connection 
to HD44780 and Liquid 
Crystal 
Display: 
See figure 
26 for the connection 
examples. 


Number of Lines 


1 


1 


2 


Character Font 


5 x 8 dots + cursor 


5 x 10 dots + cursor 


5 x 8 dots + cursor 


Number of Common Signals 


8 


11 


16 


Duty Factor 


1/8 


1/11 


1/16 


COM, 


COMe 


S~G, 
_._--------- 
------ --- --.--- ------ -----_. 


SEG 40 


COM, 


COM" 


S~G, 
--------- ------ --------- ------ --- 


SEG 40 


J 
_ 


Sipce five segment signal lines can display one 
selection waveforms. 
When the liquid crystal 
di~it, one HD44780U can display up to 8 digits for 
display panel has unused extra scanning lines, 


a -line display and 16digits for a 2-line display. 
connect the extra scanning lines to these common 
signal pins to avoid any undesirable effects due to 
T e examples in figure 26 have unused common 
crosstalk during the floating state (figure 27). 
si~nal 
pins, 
which 
always 
output 
non- 


HD44780 


COM1 


COMs 


COMg 


COM1s 


SEGl 
------ ------ --- --- .---.-.-- ------ 


SEG 
40 


Example 
of a 5x8 dot, 8-character 
x 2-line display 
(1/5 bias, 
1/16 duty cycle) 


Figure 26 Liquid Crystal Display and HD44780 Connections (cont) 


HD44780 


COM1 


COMs 


COMg U 


SEGl 
--- --- ------ ------ --- --- --- --- _.- 


SEG 
40 


5 x 8 dot, 8-character 
x l-line 
display 
(1/4 bias. 1/8 duty cycle) 


Figure 27 Using COM9 to Avoid Crosstalk on Unneeded Scanning Line 


• 


Connection of Changed Matrix Layout: In.the 
preceding 
examples, 
the 
number 
of lines 
correspond to the scanning lines. 
However, the 
following display examples (figure 28) are made 
possible by altering the matrix layout of the liquid 
crystal display panel. 
In either case, the only 
change is the layout. The display characteristics 


and the number of liquid crystal display characters 
depend on the number of common signals or on 
duty factor. Note that the display data RAM (DD 
RAM) addresses for 4 characters x 2 lines and 
for 16 characters x 1 line are the same as in 
figure 26. 


COM, 


COMs 


---.-.-- .._--- 
-_ .._-_ ....__ . 
S~G, 


SEG 
40 
COMg 


COM,6 


5 x 8 dot, 16-character 
x l-line 
display 


(1/5 bias, 1/16 duty cycle) 


SEG, 


SEG20 
--_._--------- 


COM, 


COMs 


SEG2' 
-------------- 


SEG 
40 


5 x 8 dot, 4-character 
x 2-line display 


(1/4 bias, 1/8 duty cycle) 


P~wer Supply for Liquid Crystal 
Display Drive 


VLCD is the peak value for the liquid crystal 
display drive wavefonns, and resistance dividing 
provides voltages VIto V5 (figure 29). 


Various voltage levels must be applied to pins 
V1 to V5 of the HD44780U to obtain the liquid 
crystal display drive wavefonns. 
The voltages 
must be changed according to the duty factor 
(table 10). 


I 


TaLe 10 Duty Factor and Power Supply ror Liquid Crystal Display Drive 


poter Supply 


V1 
V2 
V3 
V4 


Vs,l 


1/4 


Vcc-1/4 
VlCD 


Vcc-112 
VlCD 


Vcc-112 
VlCD 


Vcr;-3/4 
VlCD 


Vcc-VlCD 


1/4 bias 
(118, 1/11 duty cycle) 


Duty Factor 


1/16 


Bias 


1/5 


Vcc-115 
VlCD 


Vcc-2J5 
VlCD 


Vcc-315 
VlCD 


Vcc-415 
VlCD 


VCC-VlCD 


VCC (+5 V) 


VCC 


V1 


V2 
VlCD 
V3 


V4 


Vs 


-5V 


1/5 bias 
(1/16, duty cycle) 


Relationship between Oscillation 
Frequency and Liquid Crystal Display 
-Frame Frequency 


The liquid crystal display frame frequencies of 
figure 
30 apply 
only when the oscillation 
frequency 
is 270 kHz (one clock 
pulse 
of 
3.7~). 


COM1 


vet:. 
v, 
v2 (V3) 
v4 


Vs 


1 frame = 3.7 liS )( 400)( 8 = 11850 IJS= 11.9 ms 


Frame frequency = _1_ 
= 84.3 Hz 
11.9ms 


COM1 


Vet:. 


V, 


V2 (V3) 


V4 


Vs 


1 frame = 3.7 liS )( 400)( 
11 = 16300 IJS= 16.3 ms 


Frame frequency = __ 1_ 
= 61.4 Hz 
16.3ms 


COM1 


Vet:. 


V, 


V2 


V3 


V4 


Vs 


1 frame = 3.7 liS )( 200)( 16 = 11850 liS = 11.9 ms 


Frame frequency = _1_ 
= 84.3 Hz 
11.9 ms 


l 


CJnnection 
with HD44100 Driver 


~ 


externallY 
connecting 
an HD44100 
liquid 
cr 
stal 
display 
driver 
to the HD44 780U, 
the 
nu 
ber of display 
digits can be increased. 
The 
100 is used as a segment signal driver when 
co~ected 
to the HD44780U. 
The HD44100 
can 
be directly 
connected 
to the HD44780U 
since it 
supplies 
CLl, C~, 
M, and D signals and power 
for the liquid crystal display drive (figure 31). 


Up to nine HD44100 units can be connected 
for a 
I-line display (duty factor 1/8 or 1/11) and up to 
four units for a 2-line display 
(duty factor 
1/16). 
The 
RAM 
size 
limits 
the 
HD44780U 
to 
a 
maximum 
of 80 character 
display 
digits. 
The 
connection 
method 
for both 
I-line 
and 
2-line 
displays or for 5 x 8 and 5 x 10 dot character fonts 
can remain the same (figure 26). 


Ca tion: 
The connection 
of voltage 
supply pins 
V 1 through 
V6 for the liquid 
crystal 


_1 
di_._SP_la_y_dri_o_v_e_is_so_m_e_W_ha_t_co_m_p_l_ic_a_t00_. 
_ 


COM,-COM,. 
~ 


(COM,-COM.l ~I 


Dl, 
y,-------yco 
DR2 - 
Dl, 
y,-------y.. 
DR2 --------- 
Dl, 
y,-----··yco 
DR. 


F~ 
~2J 
~S 
~2J 
~S 
~'J 
SHl, 
HD44100 
SHl, 
HD44100 
SHl, 
HD44100 
SHl2 
DR, 
SHl2 
DR, 
SHl2 
DR, 


00 
<C)< 
00 
<"< 
00 
C) 
!:":;~8 ~ ~~~~::-~ 
!:"::;~R ~ 
~~~-:~~ 
!:":;~R~~:=::~~~ 


CL, 
II 
II 
::::=dJ 
Cl. 
I 


M 
._.- 


Vo:; 
-... 


GND 
-_.- 
v2 
--.- 
v3 
-_.. 


V. 
---- 


8-bit operation, 8-digit x I-line display with 
internal reset 


Refer 
to table 
11 for an example 
of an 
8-digit x I-line display in 8-bit operation. The 
HD44780U 
functions 
must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, as explained before, the RAM 
can be used for displays such as for advertising 
when 
combined 
with 
the display 
shift 
operation. 


Since the display shift operation changes only 
the display position with DD RAM contents 
unchanged, the fust display data entered into 
DD RAM can be output when the return home 
operation is performed. 


4-bit operation, 8-digit x I-line display with 
internal reset 


The program must set all functions prior to the 
4-bit operation (table 12). When the power is 
turned on, 8-bit operation is automatically 
selected and the fust write is performed as an 
8-bit operation. 
Since DBo to DB3 are not 
connected, 
a rewrite 
is then 
required. 
However, since one operation is completed in 
two accesses for 4-bit operation, a rewrite is 
needed to set the functions (see table 12). 
Thus, 
DB4 to DB7 of the function 
set 
instruction is written twice. 


For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the fust line has been written. 
Thus, if there are only 8 characters in the fust 
line, the DD RAM address must be again set 
after the 8th character is completed. 
(See 
table 13.) Note that the display shift operation 
is performed for the first and second lines. 
In 
the example of table 13, the display shift is 
performed when the cursor is on the' second 
line. 
However, 
if the shift operation 
is 
performed when the cursor is on the fust line, 
both the first and second lines move together. 
If the shift is repeated, the display of the 
second line will not move to the first line. The 
same display will only shift within its own line 
for the number of times the shift is repeated. 


Note: When using the internal reset, the electrical 
characteristics 
in the Power 
Supply 
Conditions Using Internal Reset Circuit 
table 
must be satisfied. 
If not, the 
HD44780U 
must 
be 
initialized 
by 
instructions. 
See the section, Initializing 
by Instruction. 


HD44780U 


Table 
11 
8-Bit 
Operation, 
8-Digit 
x I-Line 
Display 
Example 
with 
Internal 
Reset 


Step 
Instruction 


No. 
RS 
RJW DB7 DBa DBs DB4 DB3 DB2 DB1 DBa 
Display 
Operation 


Power supply on (the HD44780U 
is initialized 
by 
Initialized. 
No display. 


the internal 
reset circuit) 


2 
Function 
set 
Sets to 8-bit operation 
and 


0 
0 
0 
0 
0 
0 
• 
• 
selects 
1-line display 
and 5 x 8 


dot character 
font. 
(Number 
of 


display lines and character 
fonts cannot 
be changed 
after 


step #2.) 


3 
Display on/off control 
1- 
Turns on display 
and cursor. 
0 
0 
0 
0 
0 
0 
0 
Entire display is in space mode 
because 
of initialization. 


4 
Entry mode set 
1- 
Sets mode to increment 
the 
0 
0 
0 
0 
0 
0 
0 
0 
address 
by one and to shift the 
cursor to the right at the time of 
write to the DD/CG 
RAM. 


Display 
is not shifted. 


5 
Write data to CG RAMIDD 
RAM 
I H_ 
Writes H. DO RAM has 


1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
already 
been selected 
by 


initialization 
when the power 
was turned on. 
The cursor is incremented 
by 


one and shifted to the right. 


6 
Write data to CG RAMIDD 
RAM 
I HI 
Writes 
I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


7 


81 Write data to CG RAMIDD 
RAM 
1HITACHL 
Writes 
I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


9 
Entry mode set 
I HITACHL 
Sets mode to shift display at 
0 
0 
0 
0 
0 
0 
0 
the time of write. 


10 
Write data to CG RAMIDD 
RAM 
IITACHI 
_ 
Writes a space. 


1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
l 


Table 
11 
8-Bit 
Operation, 
8-Digit 
x I-Line 
Display 
Example 
with 
Internal 
Reset (cont) 


Step 
Instruction 


No. 
RS 
RIW DB7 DBa DBs DB4 DB3 DB2 DB1 DBo 
Display 
Operation 


11 
Write data to CG RAMIDD 
RAM 
ITACHI M_ 
Writes M. 
1 
0 
0 
1 
0 
0 
1 
0 


12 


13 
Write data to CG RAMIDD 
RAM 
IMICROKO_ 
Writes O. 
1 
0 
0 
1 
0 
0 
1 


14 
Cursor or display 
shift 
IMICROKQ 
Shifts only the cursor position 
0 
0 
0 
0 
0 
0 
0 
• 
• 
to the left. 


15 
Cursor or display 
shift 
IMICROjSO 
Shifts only the cursor position 
0 
0 
0 
0 
0 
0 
0 
• 
• 
to the left. 


16 
Write data to CG RAMIDD 
RAM 
IICROCQ 
Writes Cover 
K. 


1 
0 
0 
1 
0 
0 
0 
0 
The display moves to the left. 


17 
Cursor or display 
shift 
IMICROCQ 
Shifts the display and cursor 
0 
0 
0 
0 
0 
• 
• 
position to the right. 


18 
Cursor or display 
shift 
IMICROCO_ 
Shifts the display 
and cursor 
0 
0 
0 
0 
0 
0 
• 
• 
position to the right. 


19 
Write data to CG RAMIDD 
RAM 
IICROCOM_ 
Writes M. 
1 
0 
0 
1 
0 
0 
1 
0 


20 


21 
Return 
home 
I!::!ITACHI 
Returns both display and cursor 
0 
0 
0 
0 
0 
0 
0 
0 
0 
to the original 
position 
(address 0). 


Instruction 


RS 
RIW DB7 DBa DBs DB4 


Power supply on (the HD447aOU is initialized 
by 
the internal 
reset circuit) 


Function 
set 
o 
0 
0 
0 
0 


Function 
set 
o 
0 
0 
0 
0 
o 
0 
0 
0 
• 
• 


Display 
on/off control 
00000 
0 
o 
0 
1 
1 
1 
0 


Entry mode set 
o 
0 
0 
0 
0 
0 
000 
1 
1 
0 


Write data to CG RAMIDD 
RAM 
1 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 


Not 
: The control 
is the same as for a-bit operation 
beyond step #6. 


Operation 


Initialized. 
No display. 


Sets to 4-bit operation. 
In this case, operation 
is 
handled 
as a bits by initializa- 
tion, and only this instruction 
completes 
with one write . 


Sets 4-bit operation 
and selects 
1-line display 
and 5 x a dot 
character 
font. 
4-bit operation 
starts from this step and 
resetting 
is necessary. 
(Number 
of display 
lines and 
character 
fonts cannot 
be 
changed 
after step #3.) 


Turns on display 
and cursor. 
Entire display 
is in space mode 
because 
of initialization. 


Sets mode to increment 
the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG 
RAM. 
Display 
is not shifted. 


Writes H. 
The cursor is incremented 
by 
one and shifts to the right. 


• 


HD44780U 


Table 13 8·Bit Operation, 8-Digit x 2·Line Display Example with Internal Reset 


Step 
Instruction 


No. 
RS 
RJW DB7 DBs DBs DB4 DB3 DBz DB, 
DBo 
Display 
Operation 


Power supply on (the HD447aOU is initialized 
by 
I 


Initialized. 
No display. 


the internal 
reset circuit) 


2 
Function 
set 
I 


Sets to a-bit operation 
and 
0 
0 
0 
0 
0 
• 
• 
selects 2-line display 
and 
5 x a dot character 
font. 


3 
Display on/off control 
1- 


Turns on display and cursor. 


0 
0 
0 
0 
0 
0 
0 
All display 
is in space mode 
because 
of initialization. 


4 
Entry mode set 
I 


Sets mode to increment 
the 
0 
0 
0 
0 
0 
0 
0 
0 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG 
RAM. 


Display is not shifted. 


5 
Write data to CG RAMIDD 
RAM 
I H_ 
Writes H. DO RAM has 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
already been selected 
by 
initialization 
when the power 
was turned on. 
The cursor 
is 
incremented 
by one and shifted 
to the right. 


6 


7 
Write data to CG RAMIOD 
RAM 
I HITACHL 
Writes 
I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


a 
Set DO RAM address 
I ~ITACHI 
Sets DO RAM address 
so that 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
the cursor is positioned 
at the 
head of the second 
line. 


ll----------- 
HD44780U 


Ta Ie 13 8·Bit Operation, 8-Digit x 2-Line Display Example with Internal Reset (cont) 


St p 
Instruction 


No 
RS 
RJWDB-, DBe DBs DB4 DB3 DB2 DB, DBo 


Write data to CG RAMIDD 
RAM 
1001001 
0 


Operation 


Writes M. 
I ~~ACHI 


11 
Write data to CG RAMIDD 
RAM 
WritesO. 
• 


1 
0 
0 
1 
0 
0 
1 


12 
Entry mode set 
I HITACHI 
I 
Sets mode to shift display 
at 
0 
0 
0 
0 
0 
0 
0 
IMICROCO 
I 
the time of write. 


13 
Write data 
to CG RAM/DO 
RAM 
IITACHI 
I 
Writes M. 
Display is shifted to 
1 
0 
0 
1 
0 
0 
1 
0 
IICROCOM 
I 
the left. 
The first and second 
lines both shift at the same time. 


14 


15 
Return home 
I HITACHI 
I 
Returns 
both display and cursor 
0 
0 
0 
0 
0 
0 
0 
0 
0 
IMICROCOM 
I 
to the original 
position 
(address 
0). 


If the power supply conditions 
for correctly 
operating the internal reset circuit are not met, 
initialization by instructions becomes necessary. 


Refer to figures 32 and 33 for the procedures on 
8-bit and 4-bit initializations, respectively. 


Wait for more than 15 ms 
after Vcc rises to 4.5 V 


AS RW DB] D~ DBsDB, D6:l DB:!DB, DBo 
000011 
•• 


AS RW D~ D~ DBsDB, D6:l DB:!DB, DBo 
000011 
•• 


AS RW DB] D~ DBsD~ D6:l DB:!DB, DBo 
000011 
•••• 


AS RW ~ 
D~ DBsDB, D6:JDB:!DB, DBo 
0 
0 
0 
0 
1 
1 
N 
F 
• 
• 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
110 
S 


Initialization ends 


( 
Wait 
for more than 40 ms 
) 
after Vcc rises to 2.7 V 


[ 
I BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


[ 
I BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


[ 
I BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 6.) 


Function set (Interface is 8 bits long. Specify the 
number of display lines and character font.) 
The number of display lines and character font 
cannot be changed after this point. 


Display off 


Display clear 


Entry mode set 


HD44780U 


( 
Power on 


I 


Wait for more than 15 ms 
( Wait for more than 40 ms ) 
after Vcc rises to 4.5 V 
after Vcc rises to 2.7 V 
I 
[ 
AS RflJ D~ DBeDes DB4 
I BF cannot be checked before this instruction. 
I 
0 
0 
0 
0 
1 
1 
Function set (Interface is 8 bits long.) 
I 


Wait for more than 4.1 ms 
I 
I 
[ 
AS RIW D~ DBeDes DB4 
I BF cannot be checked before this instruction. 
I 
0 
0 
0 
0 
1 
1 
Function set (Interface is 8 bits long.) 
I 


Wait for more than 100 IJs 
I 
I 
[ 
AS RIW D~ DBeDes DB4 
I BF cannot be checked before this instruction. 
I 
0 
0 
0 
0 
1 
1 
Function set (Interface is 8 bits long.) 
I 
AS RflJ D~ DBeDes DB4 
BF can be checked after the following instructions. 


0 
0 
0 
0 
1 
0 
When BF is not checked, the waiting time between 


0 
0 
0 
0 
1 
0 
instructions is longer than the execution instuction 


0 
0 
N 
F 
• 
• 
time. (See table 6.) 


0 
0 
0 
0 
0 
0 
Function set (Set interface to be 4 bits long.) 


0 
0 
1 
0 
0 
0 
Interface is 8 bits in length. 


0 
0 
0 
0 
0 
0 
Function set (Interface is 4 bits long. Specify the 


0 
0 
0 
0 
0 
1 
number of display lines and character font.) 
The number of display lines and character font 
0 
0 
0 
0 
0 
0 
cannot be changed after this point. 


0 
0 
0 
1 
I/O 
S 
Display off 
t 
Display clear 


Initialization ends 
Entry mode set 


Figure 33 4·Bit Interface 
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Item 
Symbol 
Value 
Unit 
Note. 


Power supply voltage (1) 
Vce-GND 
-0.3 to +7.0 
V 
1 


Power supply voltage (2) 
Vcc-Vs 
-0.3 to +13.0 
V 
1.2 


Input voltage 
VI 
-0.3 to Vcc +0.3 
V 
1 


Operating temperature 
Tcpr 
-20 to +75 
°C 
3 


Storage temperature 
TsIg 
-55 to +125 
°C 
4 


Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. 


DC Characteristics 
(VCC = 2.7 V to 4.S V, T a = -20 to +7soC·3) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 
Notes· 


Input high voltage (1) 
V1H1 
0.7Vce 
Vcc 
V 
6 
(except OSC1) 


Input low voltage (1) 
V1L1 
-0.3 
0.55 
V 
6 
(except OSC1) 


Input high voltage (2) 
V1H2 
0.7Vcc 
Vcc 
V 
15 
(OSC1) 


Input low voltage (2) 
V1L2 
0.2Vcc 
V 
15 
(OSC1) 


Output high voltage (1) 
VOH1 
0.75Vce 
V 
-1oH" 0.1 mA 
7 
(DBo-DB7) 


Output low voltage (1) 
Vou 
0.2Vcc 
V 
IoL" 0.1 mA 
7 
(DBo-DB7) 


Output high voltage (2) 
VOH2 
0.8Vce 
V 
-IOH = 0.04 mA 
8 
(except DBo-D~) 


Output low voltage (2) 
V0L2 
0.2Vcc 
V 
IOL" 0.04 mA 
8 
(except DBo-DB7) 


Driver on resistance 
RooM 
20 
kQ 
±Id ••0.05 mA, 
13 
(COM) 
VLCD••4 V 


Driver on resistance 
RSEG 
30 
kn 
±Id •• 0.05 mA, 
13 
(SEG) 
VLCD" 4 V 


Input leakage current 
III 
-1 
1 
~ 
V1N= Oto Vcc 
9 


Pull-up MOS current 
-Ip 
10 
50 
120 
~ 
Vcc = 3 V 
(DBo-DB7• RS, RIW) 


Power supply current 
Ice 
0.15 
0.30 
mA 
Rt oscillation, 
10,14 
external clock 
Vcc • 3V,fosc ••270 kHz 


LCDvoltag~ 
VLCD1 
3.0 
11.0 
V 
Vcc-Vs, 1/5 bias 
16 


VLCD2 
3.0 
11.0 
V 
Vcc-Vs, 1/4 bias 
16 


Note: • Refer to the Electrical Characteristics Notes section following these tables. 
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A 
Characteristics 
(VCC = 2.7 V to 4.5 V, Ta = -20 to +75°C*3) 


C1rk Characteristics 


Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 
Not.· 
It~ 


E 
ernal 
External 
clock frequency 
fcp 
125 
250 
350 
kHz 
11 


cl 
k 
External 
clock duty 
Duty 
45 
50 
55 
0/0 
o~ration 
External clock rise time 
trcp 
0.2 
IJ.S 


External 
clock fall time 
tlcp 
0.2 
llS 


Clock oscillation 
frequency 
fose 
190 
270 
350 
kHz 
RI= 75kn, 
12 
Vcc = 3 V 


Timing Characteristics 


It 
m 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


~able 
cycle time 
ttycE 
1000 
ns 
Figure 34 


~1able 
pulse width (high level) 
PWEH 
450 


E~able riselfall time 
tEr. lEI 
25 


A dress set-up time (RS, AMI to E) 
tAS 
60 


A dress hold time 
tAH 
20 


.g..,ta set-up time 
tosw 
195 


Dl:tta hold time 
tH 
10 


~~~atIDn 


Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 
Itl'rm 


~1able 
cycle time 
ttycE 
1000 
ns 
Figure 35 


E~able pulse width (high level) 
PWEH 
450 


Er able riselfall 
time 
tEr' tEl 
25 


Acdress 
set-up time (RS. RlWto 
E) 
tAS 
60 


Ac dress hold time 
tAH 
20 


Dcta delay time 
tOOR 
360 


Dc ta hold time 
tDHR 
5 
l 


• 
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Interface Timing Characteristics with External Driver 


Item 
Symbol 
Mln 
'TYP 
Max 
Unit 
Test Condition 


Clock pulse width 
High level 
teWH 
800 
ns 
Figure 36 


Low level 
teWL 
800 


Clock set-up time 
tesu 
500 


Data set-up time 
tsu 
300 


Data hold time 
tDH 
300 


M delay time 
tOM 
-1000 
1000 


Clock riselfall time 
fet 
200 


Power Supply Conditions Using Internal Reset Circuit 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Power supply 
rise time 
tree 
0.1 
10 
ms 
Figure 37 


Power supply off time 
IoFF 
1 


mA 
R1oscillation, 
external clock 


Vcc - 5 V, fosc 
- 270 kHz 


VlC01 
3.0 
11.0 
V 
Vcc-Vs, 
115 bias 
16 


VlC02 
3.0 
11.0 
V 
VCC-Vs, 
1/4 bias 
16 


Ndte: 
• Refer to the Electrical 
Characteristics 
Notes section following 
these tables. 


dc Characteristics 
(VCC = 4.5 V to 5.5 V, Ta = -20 to +7soC·3) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
TestCondition 


Input high voltage (1) 
V1H1 
2.2 
Vcc 
V 


(except OSC1) 


'rv>ut low voltage 
(1) 


(except OSC1) 


Input high voltage 
(2) 
V1H2 


(OSC1) 


'I2P.utlow voltage 
(2) 


(qSC1) 


oLtput 
high voltage 
(1) 
VOH1 


(OBo-D~) 


olrtput 
low voltage 
(1) 
VOl1 
(qBo-OB7) 


optPut 
high voltage 
(2) 
VOH2 
(e~cept OBo-OB7) 


oLtput 
low voltage 
(2) 
VOl2 


~cePt 
OBo-OB7) 


O~[ji,veron resistance 
(_OM) 


Diver 
on resistance 
(SEG) 


±Id - 0.05 mA, 
VlCO" 
4 V 


±Id - 0.05 mA, 
VlCO- 
4 V 


V1N - Oto VCC 


VCC - 5 V 


In~t 
leakage 
current 


P411-upMOS current 


~0-OB7' 
RS, RIW) 


P wer supply current 


1 


250 


C1rk Characteristics 


Iteh, 


Eldernal 
clock 
o~ration 


Symbol Mln 
Typ 
Max 
Unit 
TestCondition 


External clock frequency 
fcp 
125 
250 
350 
kHz 


External 
clock duty 
Duty 
45 
50 
55 
% 


External 
clock rise time 
trcp 
0.2 
IJS 


External 
clock fall time 
tlcp 
0.2 
IJS 
R;l 
Clock oscillation 
frequency 
fosc 
190 
270 
350 
kHz 
R1- 91 kn 
oscillation 
VCC - 5.0 V 


Note: 
• Refer to the Electrical 
Characteristics 
Notes section following 
these tables. 
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Write Operation 


Item 
Symbol 
Mln 
'lYP 
Max 
Unit 
Test Condition 


Enable cycle time 
tqcE 
500 
ns 
Figure 34 


Enable pulse width (high level) 
PWEH 
230 


Enable risellall time 
tEr. tEt 
20 


Address 
set-up time (AS. AMI to E) 
tAS 
40 


Address 
hold time 
tAH 
10 


Data set-up time 
tosw 
80 


Data hold time 
tH 
10 


Read Operation 


Item 
Symbol 
Mln 
'lYP 
Max 
Unit 
Test Condition 


Enable cycle time 
tqce 
500 
ns 
Figure 35 


Enable pulse width (high level) 
PWEH 
230 


Enable risellall 
time 
tEr. tEt 
20 


Address 
set-up time (AS. AMI to E) 
tAS 
40 


Address 
hold time 
tAH 
10 


Data delay time 
tOOR 
160 


Data hold time 
tDHR 
5 


Interface Timing Characteristics with External Driver 


Item 
Symbol 
Mln 
'lYP 
Max 
Unit 
Test Condition 


Clock pulse width 
High level 
teWH 
800 
ns 
Figure 36 


Low level 
tewL 
800 


Clock set-up time 
tesu 
500 


Data set-up time 
tsu 
300 


Data hold time 
tDH 
300 


Mdelaytime 
toM 
-1000 
1000 


Clock risellall 
time 
let 
100 


Power Supply Conditions Using Internal Reset Circuit 


Item 
Symbol 
Mln 
'lYP 
Max 
Unit 
Test Condition 


Power supply rise time 
tree 
0.1 
10 
ms 
Figure 37 


Power supply off time 
toFF 
1 


E~ectrical Characteristics Notes 


1. 
All vOltage values are referred to GND = 0 V. 


A = Vcc-vs 
B-VCC-V1 
A ~ 1.5 V 
B ~O.25xA 


The conditions 
of V1 and Vs voltages 
are for proper 


operation 
of the LSI and not for the LCD output 
level. 


The LCD drive voltage condition 
for the LCD output 
level is specified 
as LCD voltage 
VLCO• 


3. 
For die products. specified up to 75°C. 
! 


4. 
For die products. specified by the die shipment specification. 


Input pin 


Pin: 
E (MOS without 
pull-up) 


Output 
pin 


Pins: 
CL1. CL2. M. 0 


110 Pin 


Pins: 
DBo-DB7 
Vcc 
(MOS with pull-up) 


(pull-up 
MOS) 
(input circuit) 


PMOS 


Output 
enable 
data 


• 


7. 
Applies to I/O pins. 


8. 
Applies to output pins. 


9. 
Current flowing through pull-up 
MOSs, excluding output drive MOSs. 


10. Input/output 
current is excluded. 
When input is at an intennediate 
level with CMOS, the excessive 
current flows through the input circuit to the power supply. 
To avoid this from happening, 
the input 
level must be fixed high or low. 


0.7 Vcc 
0.5 Vcc 
0.3 Vcc 


trcp 
t tcp 


Duty - 
Th 
T 
: TI 
x 100% 


12. Applies only to the internal oscillator operation using oscillation resistor Rf. 


Rt: 
75 kO t 2% (when Vcc •• 3 V) 


Rt: 
91 kOt 2% (when Vcc" 
5 V) 


Since the oscillation 
frequency 
varies depending 
on the OSC1 
and 
OSC2 
pin capacitance, 
the wiring length to these pins should be minimized. 


N 
:z: 
.><: 
~ 
300 


~ 
(270) 
---- 
-- 
••.. 
0 


(91)100 


Rt 
(kO) 


N 
:z: 
.><: 
~ 
300 


~ 
(270) 
---- 
o 
.•.. 


HD44780U 


111. ReoM 
is the resistance 
between 
the power 
supply 
pins (Vee• 
V 1> V4. V5) and each common 
signal pin (COMi to COMi~' 


RSEG is the resistance between the power supply pins (Vce. V2. V3. V5) and each segment signal pin 
(SEGi to SEG40). 


1 . The following graphs show the relationship beiween operation frequency and current consumption. 


1.8 


1.6 


1.4 


1.2 
1 1.0 
8 
0.8 


0.6 


0.4 


0.2 


0.0 
o 


1.8 


1.6 


1.4 


1.2 
<'.s 
1.0 
80.8 


0.6 


0.4 


0.2 


0.0 
o 


~ 
~ 
- 
V 
.-'- 
•..• 
....~ 
•..• 
--- 
---- 
- 
- 


Ii" Applies to the OSCi pin. 


1 . Each COM and SEG output voltage is within ±O.15 V of the LCD voltage (Vcc• Vi. V2• V3• V4• Vs) 
when there is no load. 


• 


Test 
point 


IS2074l8) 
diodes 


Te~t0------- 


~,m 
30 OFt 


Test 
point 
0 


I~ 


DBa to DB7 


I 


VIHI 
VIHI 


VILI 
VIL1 


tAS 
IAH 


VILI 
VIL1 


PWEH 
tAH 


lEt 


IE, 


tosw 
IH 


tE, 


lOOR 


VOHI. 
VOl1 


VOH2 
VOL2 


Notes: 
1. t OFF compensates 
for the power oscillation 
period caused 
by momentary 
power 
supply oscillations. 


2. 
Specified 
at 4.5 V for 5-V operation, 
and at 2.7 V for 3-V operation. 
3. 
For if 4.5 V is not reached during 5-V operation, 
the internal 
reset circuit will not 


operate 
normally. 
In this case, the LSI must be initialized 
by software. 
(Refer to the Initializing 
by Instruction 
section.) 


IIrID66702 (LCD-II/E20) 
(pot Matrix Liquid Crystal Display 
Controller/Driver) 


Description 
~re 
HD66702 LCD-I1fE20 dot-matrix 
liquid 
~stal 
display controller and driver LSI displays 
alphanumerics, 
Japanese kana characters, and 
symbols. 
It can be configured to drive a dot- 
matrix liquid crystal display under the control of a 
4- or 8-bit microprocessor. Since all the functions 
reijuired for driving a dot-matrix liquid crystal 
di~play are internally provided on one Chip, a 
m~nimal system can be interfaced 
with this 


~ 


troller/driver. 
A single LCD-I1fE20 can display up to two 
-character lines. However, with the addition of 
H 44100 drivers, 
a maximum of up to two 


-character lines can be displayed. 
~e low 3-V power supplyof the LCD-II/E20under 
~o/elopment is suitable for any portable battery- 
~ven 
productrequiringlow powerdissipation. 


Features 
5 x 7 and 5 x to dot matrix possible 
80 x 8-bit display RAM (80 characters max.) 
7,200-bit character generator ROM 
- 
160character fonts (5 x 7 dot) 
- 
32 character fonts (5 x to dot) 
64 x 8-bit character generator RAM 
- 
8 character fonts (5 x 7 dot) 


1 


- 
4 character fonts (5 x to dot) 
16-common x 100-segment 
liquid crystal 
display driver 


Programmable duty cycles 
- 
1/8 for one line of 5 x 7 dots with cursor 
- 
1/11for one line of 5 x 10dots with cursor 
- 
1/16for two lines of 5 x 7 dots with cursor 
Maximum display characters 
- 
One line: 
1/8 duty cycle, 20-char. 
x I-line 
(no 
extension), 28-char. x I-line (extended 
with one HD44100), 
80-char. x I-line 
(max. extension with eight HD44100s). 
1/11 duty cycle, 20-char. x I-line 
(no 
extension), 28-char. x I-line (extended 
with one HD44100), 
80-char. x I-line 
(max. extension with eight HD44100s) 
- 
Two lines: 
1/16 duty cycle, 20-char. x 2-line (no 
extension), 28-char. x 2-line (extended 
with one HD44100), 40-char. x 2-line 
(max. extension with eight HD44100s) 
Wide range of instruction functions: 
- 
Display clear, cursor home, display on/off, 
cursor on/off, display character 
blink, 
cursor shift, display shift 
Choice of power supply (Vcd: 4.5 to 5.5 V 
(standard), 2.7 to 5.5 V (low volta~e) 
Automatic reset circuit that imtializes 
the 
controller/driver 
after power on (standard 
version only) 
Independent LCD drive voltage driven off of 
the logic power supply (Ved: 3.0 to 7.0 V 


Ordering Information 


I 
Ty 
No. 
Package 


HC 66702RAOO 
Chip 
HC 
702RAOOL 
Chip 
HD/>6702RAOOF 
144-pin plastic OFP (FP-144A) 


HD66702RAOOFL 
144-pin plastic OFP (FP-144A) 
HD 
702RA01F 
144-pin plastic OFP (FP-144A) 


HDP6702RA02F 
144-pin plastic OFP (FP-144A) 
HCD66702RBxx 
Chip 
HCD66702RBxxL 
Chip 
HD~702RBxxF 
144-pin plastic OFP (FP-144A) 


HD~702RBxxFL 
144-pin plastic OFP (FP-144A) 


No1e: xx: 
ROM code No. 


o 
ratln 
Voltage 
4.5 to 5.5 V 
2.7 to 5.5 V 


4.5 to 5.5 V 


2.7105.5 V 
4.5 to 5.5 V 


4.5105.5 V 
4.5 to 5.5 V 


2.7105.5 V 
4.5 to 5.5 V 


2.7 to 5.5 V 


ROM Font 
Standard Japanese font 


Japanese font for comunication s stem 
European font 


Custom font 


At oscillation 
frequency 
(frame frequency) 


LCD-II 
LCD-IliA 
LCD-IIIE20 
(HD44780) 
(HD66780) 
(HD66702) 


5 V±10% 
5V±10% 
5 V ±10% (standard) 
3 V ±10% (low voltage) 


3.0 to 11 V 
3.0 Vto 
Vcc 
3.0 to 6.0 V 


4.6 to 11 V 
3.0Vto 
Vcc 
3.0 to 6.0 V 


16 digits 
16 digits 
40 digits 
(8 digits x 2 lines) 
(8 digits x 2 lines) 
(20 digits x 2 lines) 


1/8,1/11. 
and 1/16 
1/8,1/11, 
and 1/16 
1/8,1/11, 
and 1/16 


7,200 bits 
12,000 bits 
7.200 bits 
(160 character 
fonts 
(240 character 
fonts 
(160 character 
fonts for 
for 5 x 7 dot and 
for 5 x 10 dot) 
5x7dotand 
32 character 
fonts 
32 character 
fonts for 
for 5 x 10 dot) 
5 x 10 dot) 


64 bytes 
64 bytes 
64 bytes 


80 bytes 
80 bytes 
80 bytes 


40 
40 
100 


16 
16 
16 


A 
B 
B 


External 
External 
External 


External 
resistor, 
External 
resistor, 
External 
resistor or 
external ceramic 
external ceramic 
external 
clock 
filter. or external 
filter, or external 
clock 
clock 


270kHz±30% 
270 kHz±30% 
320 kHz±30% 
(59 to 110 Hz for 1/8 
(59 to 110Hz 
for 1/8 
(69 to 128 Hz for 1/8 
and 1/16 duty cycles; 
and 1/16 duty cycles; 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
43 to 80 Hz for 1/11 
50 to 93 Hz for 1/11 
duty cycle) 
duty cycle) 
duty cycle) 


91kn±2% 
83kn±2% 
68 kn ±2% (standard) 
56 kn ±2% (low voltage) 


Fully compatible 
within the LCD·II family 


1 MHz 
2MHz 
1 MHz 


FP-80, FP-80A, 
and 
FP-80B and Fp·80A 
144-pin bare chip 
80-pin bare chip 
(no package) 
and 
(no package) 
FP-144A 


Item 


Power supply voltage 


Liquid crystal drive 
1/4 bias 
vottage VLCD 
-1-I5-b-ia-s--------------------------- 


Maximum 
display 
digits per chip 


Display 
duty cycle 


CGAOM 


CGRAM 


DDAAM 


Segment 
signals 


Common 
signals 


Liquid crystal drive waveform 


Ladder resistor for LCD 
power supply 


Clock source 


Instructions 


CPU bus timing 


Package 


r---- 
1 
_ 
1 
HD66702 


LfD-llIEW 
Block Diagram 


Reset 
circuit 
ACL 


] 
• 


0 


MPU 
Display 
COM1 to 


RS - inter- 
data RAM 
16-bit 
Common 
COM16 


RN/- 
face 
(DO RAM) 
shift 
signal 


E 
80 x 8 bits 
register 
driver 
16 
- 


100-bit 
100-bit 
Segment 
SEG1 to 
SEG100 


DB4 to 
] 
shift 
latch 
signal 


DB] 
register 
circuit 
driver 
100 
- 
Data 
] 
Input! 
8 
8 
DBo to 
output 
register 


DB3 
buffer 
(DR) 
100 
- 
8 
8 
LCD drive 


_Busy 
voltage 


flag 
selector 


Character 
generator 
RAM 
(CGRAM) 
64 bytes 


Cursor 
and 
blink 
controller 


GND 
~ 


Parallel/serial 
converter 
and 
attribute circuit 


SEGo. 
., 


SEG ••• 
2 
SEG,. .3 


SEG" 
• 
4 
SEGoo .5 


SEG2I .6 
SEG2I .7 
SEG27 .8 
SEG2I .9 
SEG ••• 
,0 


SEG ••• 
" 
SEG ••• 
,2 
SEG ••• 
,3 
SEG ••• 
,4 
SEG20 .15 
SEGlI .,6 
SEG ••• 
,7 
SEG17 .,8 
SEG ••• 
,9 
SEG,. 
.20 
SEGI4 .21 
SEG,. 
.22 
SEG12 .23 
SEG" 
.24 
SEG,o 
.25 
SEG •• 
26 
SEG •• 
27 
SEG, 
.28 
SEG •• 
29 
SEG •• 
30 
SEG •• 
31 
SEG •• 
32 
SEG •• 
33 
SEG, 
.34 
GND.35 
OSC •• 
36 


~ 
HD66702 


Note: 
• 
: Te81 pins to be grounded 
o : Power supply pins 
I :Power supply pins (ground) 
El : Input pins 
I :OIAput pins 
Il! : InpuVOutput 
pins 


106. SEG71 
107. 
SEGn 
106. SEG" 
105. SEG7I 
104. SEG,. 
103. 
SEG" 
102. SEGn 
101. SEG7I 
100. SEG7I 
99. 
SEGIO 
98. 
SEGI1 
97. 
SEGI2 
96. 
SEG13 
95. 
SEG •• 
94. 
SEG •• 
93. 
SEG •• 
92. 
SEGI7 
91. 
SEG •• 
go. 
SEG •• 
89. 
SEG •• 
88. 
SEGI1 
87. 
SEGI2 
86. 
SEG13 
85. 
SEG •• 
64. 
SEG •• 
83. 
SEG •• 
82. 
SEGI7 
81. 
SEG •• 
eo. 
SEG •• 


79. 
SEG,oo 
78. 
COM •• 
77. 
COM,. 
76. 
COM,. 
75. 
COM,. 


74. 
COM •• 
73. 
COM" 


HD66702 


HCD66702 Pad Location Coordinates 


Pad 
Pad 
Pad 
Pad 
No. 
Name 
X (11m) 
Y (llm) 
No. 
Name 
X (11m) 
Y (llm) 


1 
SEG34 
-2475 
2350 
31 
SEG4 
-2475 
-1600 
21 
SEG33 
-2475 
2205 
32 
SEG3 
-2475 
-1735 


3 
SEG32 
-2475 
2065 
33 
SEG2 
-2475 
-1870 
~I 


SEG3, 
-2475 
1925 
34 
SEG, 
-2475 
-2010 


SEG30 
-2475 
1790 
35 
GND 
-2475 
-2180 


6 
SEG29 
-2475 
1655 
36 
OSC2 
-2475 
-2325 


~ 


SEG28 
-2475 
1525 
37 
OSC, 
-2445 
-2475 


SEG27 
-2475 
1395 
38 
Vcc 
-2305 
-2475 


9 
SEG26 
-2475 
1265 
39 
Vcc 
-2165 
-2475 


10 
SEG2S 
-2475 
1135 
40 
V, 
-2025 
-2475 


11 
SEG24 
-2475 
1005 
41 
V2 
-1875 
-2475 


12 
SEG23 
-2475 
875 
42 
V3 
-1745 
-2475 


13 
SEG22 
-2475 
745 
43 
V4 
-1595 
-2475 


14 


1 
SEG2, 
-2475 
615 
44 
Vs 
-1465 
-2475 


15 
SEG20 
-2475 
485 
45 
CL, 
-1335 
-2475 
16 


1 
SEG'9 
-2475 
355 
46 
CL2 
-1185 
-2475 
1"71 
SEG'8 
-2475 
225 
47 
M 
-1055 
-2475 


18 
SEG17 
-2475 
95 
48 
0 
-905 
-2475 


19 
SEG16 
-2475 
-35 
49 
EXT 
-775 
-2475 


201 
SEG1S 
-2475 
-165 
50 
TEST 
-625 
-2475 


21 
SEG'4 
-2475 
-295 
51 
GND 
-495 
-2475 
221 
SEG13 
-2475 
-425 
52 
AS 
-345 
-2475 
23 i 
SEG'2 
-2475 
-555 
53 
RJW 
-195 
-2475 


24 
SEG11 
-2475 
-685 
54 
E 
-45 
-2475 
25 


1 
SEG10 
-2475 
-815 
55 
DBo 
85 
-2475 


261 
SEG9 
-2475 
-945 
56 
DB, 
235 
-2475 


27 
SEG8 
-2475 
-1075 
57 
DB2 
365 
-2475 
~I 


SEG7 
-2475 
-1205 
58 
DB3 
515 
-2475 


29 
SEG6 
-2475 
-1335 
59 
DB4 
645 
-2475 


30 
SEGs 
-2475 
-1465 
60 
DBs 
795 
-2475 


HD66702 


HCD66702 Pad Location Coordinates (cont) 


Pad 
Pad 
Pad 
Pad 
No. 
Name 
X~m) 
Y~m) 
No. 
Name 
X~m) 
Y~m) 


61 
DBs 
925 
-2475 
91 
SEGss 
2475 
95 


62 
D~ 
1075 
-2475 
92 
SEGS7 
2475 
225 


63 
COM, 
1205 
-2475 
93 
SEGS6 
2475 
355 


64 
COM2 
1335 
-2475 
94 
SEGss 
2475 
485 


65 
COM3 
1465 
-2475 
95 
SEGS4 
2475 
615 


66 
COM4 
1595 
-2475 
96 
SEGS3 
2475 
745 


67 
COMs 
1725 
-2475 
97 
SEGS2 
2475 
875 


68 
COMs 
1855 
-2475 
98 
SEGs, 
2475 
1005 


69 
COM7 
1990 
-2475 
99 
SEGso 
2475 
1135 


70 
COMs 
2125 
-2475 
100 
SEG79 
2475 
1265 


71 
COM9 
2265 
-2475 
101 
SEG7S 
2475 
1395 


72 
COM,o 
2410 
-2475 
102 
SEG77 
2475 
1525 


73 
COM" 
2475 
-2290 
103 
SEG76 
2475 
1655 


74 
COM'2 
2475 
-2145 
104 
SEG7S 
2475 
1790 


75 
COM'3 
2475 
-2005 
105 
SEG74 
2475 
1925 


76 
COM'4 
2475 
-1865 
106 
SEG73 
2475 
2065 


77 
COM,s 
2475 
-1730 
107 
SEG72 
2475 
2205 


78 
COM'6 
2475 
-1595 
108 
SEG7, 
2475 
2350 


79 
SEG,oo 
2475 
-1465 
109 
SEG70 
2320 
2475 


80 
SEGg9 
2475 
-1335 
110 
SEG69 
2175 
2475 


81 
SEGgs 
2475 
-1205 
111 
SEG6S 
2035 
2475 


82 
SEG97 
2475 
-1075 
112 
SEG67 
1895 
2475 


83 
SEGoo 
2475 
-945 
113 
SEG66 
1760 
2475 


84 
SEGgs 
2475 
~15 
114 
SEG6S 
1625 
2475 


85 
SEGg4 
2475 
~85 
115 
SEG64 
1495 
2475 


86 
SEG93 
2475 
-555 
116 
SEG63 
1365 
2475 


87 
SEGg2 
2475 
-425 
117 
SEG62 
1235 
2475 


88 
SEG9, 
2475 
-295 
118 
SEG6, 
1105 
2475 


89 
SEGoo 
2475 
-165 
119 
SEG60 
975 
2475 


90 
SEGS9 
2475 
-35 
120 
SEGS9 
845 
2475 


~ 
HD66702 


lD66702 Pad Location Coordinates 
(cont) 


P d 
Pad 
Pad 
Pad 
N9. 
Name 
X (11m) 
Y (11m) 
No. 
Name 
X (11m) 
Y <11m) 


12~ 
SEGsa 
715 
2475 
133 
SEG46 
-845 
2475 


12t 
SEGS7 
585 
2475 
134 
SEG4S 
-975 
2475 


12 
SEG56 
455 
2475 
135 
SEG44 
-1105 
2475 


12k 
SEGss 
325 
2475 
136 
SEG43 
-1235 
2475 
12 


SEG54 
195 
2475 
137 
SEG42 
-1365 
2475 


SEG53 
65 
2475 
138 
SEG41 
-1495 
2475 • 


I 


12r 
SEGS2 
-65 
2475 
139 
SEG40 
-1625 
2475 


12~ 
SEGS1 
-195 
2475 
140 
SEG39 
-1760 
2475 


12t 
SEGso 
-325 
2475 
141 
SEG38 
-1895 
2475 


SEG49 
-455 
2475 
142 
SEG37 
-2035 
2475 
13~r 


SEG48 
-585 
2475 
143 
SEG36 
-2175 
2475 


~ 


SEG47 
-715 
2475 
144 
SEG3S 
-2320 
2475 


N tes: 
1. Coordinates 
originate 
from the chip center. 


2. The above are preliminary 
specifications, 
and may be subject to change. 


SEG,w 
SEa.. 
SEGo3 
SEG., 
SEG30 
SEG•• 
SEG•• 
SEG27 
SEG•• 
SEG•• 
SEG•• 
SEG" 
SEG•• 
SEG., 
SEG20 
SEG" 
SEG" 
SEG17 
SEG" 
SEG •• 
SEG,. 
SEG,. 
SEG,. 
SEG" 
SEG,. 
SEG. 
SEG. 
SEG, 
SEG. 
SEG. 
SEG. 
SEG. 
SEG. 
SEG, 
GND 
OSC. 


Note: 
• 
: Teet pins to be grounded 
o : Power supply pins 
• 
: Power supply pins (ground) 
ra : Input pins 
• 
: Output 
pins 
III : InputJOutput 
pins 


SEG11 
SEGn 
SEGn 
SEG,. 
SEG15 
SEG,. 
SEGl1 
SEG1I 
SEG1I 
SEG •• 
SEG" 
SEG •• 
SEG •• 
SEG •• 
SEG •• 
SEG •• 
SEGI1 
SEG •• 
SEG •• 
SEG •• 
SEG" 
SEG •• 
SEG •• 
SEG •• 
SEG •• 
SEG •• 
SEGI1 
SEG •• 
SEG •• 
SEG,oo 


COM" 
COM,. 
COM,. 
COM •• 
COM,. 


COM" 


Pi~Functions 


Tai)1e 1 Pin Functional 
Description 


I 
Device 
Sigral 
I/O 
Interfacedwith 


AS] 
I 
MPU 


E 
DtoDS, 


DB 
to DB3 


SEG1 to SEG100 


V1 to Vs 


Vcq,GND 


TE~T 
EX 


MPU 


I 
MPU 


110 
MPU 


110 
MPU 


0 
HD441 00 


0 
HD441 00 


0 
HD441 00 


0 
HD441 00 


0 
LCD 


LCD 


Power supply 


Power supply 


Function 


Selects 
registers. 
0: Instruction 
register (for write) 
Busy flag: address counter 
(for read) 
1: Data register 
(for write and read) 


Selects read or write. 
0: Write 
1: Read 


Starts data readlwrite 


Four high order bidirectional 
tristate 
data bus pins. 
Used 
for data transfer 
between 
the MPU and the LCD·IIIE20. 


DB7 can be used as a busy flag. 


Four low order bidirectional 
tristate data bus pins. 
Used 


for data transfer 
between the MPU and the LCD-IIIE20. 


These pins are not used during 4-bit operation. 


Clock to latch serial data D sent to the HD44100H 
driver 


Clock to shift serial data D 


Switch signal for converting 
the liquid crystal drive 


waveform 
to AC 


Character 
pattern data corresponding 
to each segment 


signal 


Common 
signals that are not used are changed 
to non- 


selection 
waveforms. 
COMg to COM16 are non- 


selection 
waveforms 
at 1/8 duty factor and COM12 to 


COM16 are non-selection 
waveforms 
at 1/11 duty factor. 


Segment 
signals 


Power supply for LCD drive 


Vcc: +5 V or +3 V. GND: 0 V 


Test pin. which must be grounded 


0: Enables 
extension 
driver control signals CL1• CL2• M, 


and D to be output from its corresponding 
pins. 


1: Drives CL1• CL2• M. and D as tristate, 
lowering 
power 


dissipation. 


Pins for connecting 
the registers 
of the internal clock 


oscillation. 
When the pin input is an external clock, 
it 


must be input to OSC1. 


Registers 


The HD66702 
has two 8-bit 
registers, 
an 
instruction register (IR) and a data register (DR). 


The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
display data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can only be 
written from the MPU. 


The DR temporarily stores data to be written into 
DD RAM or CG RAM. Data written into the DR 
from the MPU is automatically written into DD 
RAM or CG RAM by an internal operation. The 
DR is also used for data storage when reading data 
from DD RAM or CG RAM. 
When address 
information is written into the IR, data is read and 
then stored into the DR from DD RAM or CG 
RAM by an internal operation. 
Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM or CG RAM at the next address is sent to 
the DR for the next read from the MPU. By the 
register selector (RS) signal, these two registers 
can be selected (table 2). 


When the busy flag is I, the HD66702 is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = 0 and RIW = 1 
(table 2), the busy flag is output to D&]. The next 
instruction must be written after ensuring that the 
busy flag is O. 


The address counter (AC) assigns addresses to 
both DD RAM and CG RAM. When an address 
of an instruction is written into the IR, the address 
information 
is sent from the IR to the AC. 
Selection of either DD RAM or CG RAM is also 
determined concurrently by the instruction. 


After writing into (reading from) DD RAM or CG 
RAM, the AC is automatically incremented by 1 
(decremented by 1). The AC contents are then 
output to DBo to DB6 when RS = 0 and RIW = 1 
(table 2). 


RfW 
o 


1 


o 


1 


Operation 


IR write as an internal operation 
(display clear, etc.) 


Read busy flag (DB]) 
and address counter 
(OBo to OB6) 


DR write as an internal operation 
(DR to DO RAM or CG RAM) 


DR read as an internal operation 
(DO RAM or CG RAM to DR) 


Display Data RAM (DD RAM) 


!>fsplaydata RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its extended 
qpacity is 80 x 8 bits, or 80 characters. The area 
~ display data RAM (DD RAM) that is not used 
for display can be used as general data RAM. 
See 
fi~e 
1 for the relationships between DD RAM 
ar:esses 
and positions on the liquid crystal 
dijVlay. 


~e 
DD RAM address (ADD) is set in the address 
counter (AC) as hexadecimal. 


I - 
Case 1: When there are fewer than 80 
display characters, the display begins at the 
head position. For example, if using only 
the HD66702, 20 characters are displayed. 
See figure 3. 


When 
the display 
shift 
operation 
is 
performed, the DD RAM address shifts. 
See figure 3. 


- 
Case 2: For a 28-character display, the 
HD66702 
can be extended 
using one 
HD44100 and displayed. See figure 4. 


When 
the display 
shift 
operation 
is 
performed, the DD RAM address shifts. 
See figure 4. 


- 
Case 3: The relationship 
between 
the 
display position and DD RAM address 
when the number of display 
digits 
is 
increased through the use of two or more 
HD44100s 
can be considered 
as an 
extension of case #2. 


Since the increase can be eight digits per 
additional HD44100, up to 80 digits can be 
displayed by externally connecting eight 
HD44100s. See figure 5. 


High order 
Low order 
I-- bits 
•.I- 
bits----l 


AC 
~ 
(hexadecimal) ~ 


Display position 
(digit) 
1 
2 
3 
4 
5 
79 
80 
~~:~ 
~=.=.=.= 
..=.=.=.= 
..=.=.=.=. 
=..=.=.=~ 
(hexadecimal) 


Display 
position 


DO RAM 
address 


For 
shift left 


For 
shift right 


For 
shift left 


For 
4 
shift right 


y 


LCD-IVE20 
display 
y 


HD44100 
display 


Display 
position 
1 
2 
3 
4 
5 
6 
7 
6 
9 10 11 1213 14 15 16 17 16 192021 
22 23 24 2S 26 2728 


DDRAM 
address 
y 


LCD-II/E20 
display 


~,--- 
H_D6_6_70_2 


consecutive. 
For example. when just the 


HD66702 is used. 20 characters x 2 lines 
are displayed. See figure 7. 
Case 
1: When the number of display 


characters is less than 40 x 2 lines. the two 
lines are displayed from the head. Note 
that the first line end address and the 
second 
line 
start 
address 
are 
not 


~------- 


When display shift operation is performed. 
the DD RAM address shifts. See figure 7. 


Display 
position 
2 
3 
4 
5 
39 
40 


DO RAM 
00 
01 
02 
03 
04 .................. 
26 
27 
address 
(hexadecimal) 40 
41 
42 
43 
44 .................. 
66 
67 


Display 
position 


DORAM 
00 01 02 03 04 05 06 07 08 09 OA OBOC 00 OE OF 10 11 12 13 
address 
40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 


For 
shift left 
01 02 03 04 05 06 07 08 09 OA OB OC 00 OE OF 10 11 12 13 14 


41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 54 


For 
27 00 01 02 03 04 05 06 07 08 09 OA OB OC 00 OE OF 10 11 12 


shift right 
67 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 50 51 52 


- 
Case 2: For a 28-character x 2-line display, 
the HD66702 can be extended using one 
HD44100. See figure 8. 


when the number of display 
digits is 
increased by using two or more HD44100s, 
can be considered as an extension of case 
#2. See figure 9. 
When display shift operation is performed, 
the DD RAM address shifts. See figure 8. 
Since the increase can be 8 digits x 2 lines 
for each additional 
HD44100, 
up to 
40 digits x 2 lines can be displayed by 
externally connecting three HD44100s. 
- 
Case 3: The relationship 
between 
the 
display position and DD RAM address 


Display 
position 
1 
2 
3 
4 
5 
6 
7 
8 
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 2728 


DDRAM 
address 
00 0102 03 04 05 0607 08 09 OAoe OC00 OEOF 1011 1213 14 15 16 1718 19 1A 18 


40 4142 43 44 45 4647 48 49 4A 4e 4C40 4E 4F 50 51 52 53 54 55 56 57 58 59 
AS8 
'-~---------y 


LCD-II/E20 
display 
/'-----y 


HD44100 
display 


For 
shift left 


01 O~03 04 05 06 0,08 
09 01- 08 OCOCOEOF10 11 12 13 14 15 16 17 1819 1A 18 1C 


4142 43 44 45 46 47 48 49 41- 48 4C40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 58 5C 


For 
shift right 


27 00 01 02 03 04 05 06 07 08 09 OAoe OC~O OEOF10 1112 13 14 15 16 17 18 19 1A 


67 40 41 42 43 44 45 46 47 48 49 4A 4e 4C 40 4E 4F 50 5152 53 54 55 56 57 58 59 5A 


y 
LCO-II/E20 display 


HD66702 


Ctrracter 
Generator ROM (CG ROM) 


nJe character generator ROM generates 5 x 7 dot 
or 5 x 10 dot character 
patterns 
from 8-bit 
character 
codes 
(table 
5). 
It can generate 
160 5 x 7 dot character patterns and 32 5 x 10 dot 
~~cter 
patterns. User-defined character patterns 
=]also available by mask-programmedROM. 


C~aracter Generator RAM (CG RAM) 


In the character generator RAM, the user can 
rewrite character patterns by program. For 5 x 7 
dots, eight character patterns can be written, and 
fo~ 5 x 10 dots, four character patterns can be 
1tten. 
WF·tethe character codes at the addresses shown 
as 
left column of table 5 to show the character 
pa, rns stored in CG RAM. 


See table 6 for the relationship between CG RAM 
addresses and data and display patterns. 
+ that are not used for display can be used as 
ge eral data RAM. 


Modifying Character Patterns 


Character pattern development procedure 


The following 
operations 
correspond 
to the 
numbers listed in figure 10: 


1. Determine 
the correspondence 
between 
character codes and character patterns. 


2. Create a listing indicating the correspondence 
between EPROM addresses and data. 


3. Program 
the character 
patterns 
into the 
EPROM. 


5. Computer 
processing 
on the EPROM 
is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 


6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI proceeds at Hitachi. 


Determine 
character 
patterns 


This section explains 
the correspondence 
between addresses and data used to program 
character 
patterns 
in 
EPROM. 
The 
LCD-II/E20 
character generator ROM can 
genemte 160 5 x 7 dot chamcter patterns and 
32 5 x 10 dot chamcter patterns for a total of 
192different chamcter patterns. 


EPROM address data and chamcter pattern 
data correspond with each other to form a 
5 x 7 dot chamcter pattern (table 3). 


Table 3 
Example of Correspondence between EPROM Address Data and Character Pattern 
(Sx 7 dots) 


LSB 
A10 Ag As A7 As As A4 A3 A2 A1 Ao 
0403 
O2 01 
00 


o 
1 
0 
1 
001 
0 
0 
0 
0 


0 
0 
1 


0 
1 
0 


0 
1 
1 


1 
0 
0 


1 
0 
1 


1 
1 
0 


1 
1 
1 
Fill line 8 (cursor position) 
with Os 
Line 
position 


Notes: 
1. 
EPROM 
addresses 
A10 to A3 correspond 
to a character 
code. 


2. 
EPROM 
addresses 
A2 to Ao specify a line position 
of the character 
pattern. 
3. 
EPROM 
data 04 to 00 correspond 
to character 
pattern data. 


4. 
A lit display position 
(black) corresponds 
to a 1. 
5. 
Line 8 (cursor position) 
of the character 
pattern must be blanked 
with Os. 
6. 
EPROM 
data 05 to ~ 
are not used. 


HD66702 


EPROM address data and character pattern 
data correspond with each other to form a 
5 x 10dot character pattern (table 4). 


- 
Handling unused character patterns 


1. EPROM data outside the character pattern 
area: Ignored by the character genemtor ROM 
for display operation so 0 or 1is arbitrary. 


2. EPROM data in CG RAM area: Ignored by 
the character 
generator 
ROM for display 
operation so 0 or 1 is arbitrary. 


3. EPROM data used when the user does not 
use 
any 
8066702 
character 
pattern: 
According to the user application, handled in 
one of the two ways listed as follows. 


i. 
When unused character patterns are not 
programmed: If an unused character code 
is written into DD RAM, all its dots are lit. 
By not programing a character pattern, all 
of its bits become lit. (fhis is due to the 
EPROM being filled with Is after it is 
erased.) 


ii. When unused 
character 
patterns 
are 
programmed 
as Os: Nothing is displayed 
even if unused character codes are written 
into DD RAM. 
(This is equivalent to a 
space.) 


Table 4 Example of Correspondence between EPROM Address Data and Character Pattern 
(Sx 10 dots) 


LSB 
A10 Ag As A7 A6 As A4 A3 A2 A1 Ao 0403 
O2 01 
00 


o 


o 


000 
o 
0 
1 


010 


~1 
0 
0 
0 
1 
0 
1 
1 
1 
0 
0 


1 
0 
1 


1 
1 
0 


1110000 
-----~------------------------- 
---------------- --------------------- 
100100010000000 


100100010010000 


100100010100000 
Fill line 11 (cursor position) 
with Os 
Line 
position 


Notes: 
1. EPROM addresses 
A10 to A3 correspond 
to a character 
code. 
Set As and Ag of character 
pattern lines 9, 10, and 11 to Os. 


2. EPROM addresses 
A2 to Ao specify a line position 
of the character 
pattern. 
3. EPROM data 04 to 00 correspond 
to character 
pattern data. 
4. 
A lit display position 
(black) corresponds 
to a 1. 


5. 
Blank out line 11 (cursor position) 
of the character 
pattern with Os. 


6. EPROM data Os to 07 are not used. 


0011 


CG 


xxxxOOOO 
RAM 
(1) 


xxxxOO01 


xxxx0010 


xxxx0011 


xxxx0100 


xxxx0101 


xxxx0110 


xxxx0111 


xxxx1000 


xxxx1001 


xxxx1010 


xxxx1011 


a•• _ 
..... 


,-",,",4 
0010 
0011 
0100 
lito 0000 


CG 


xxxxOOOO 
RAM 
(1) 


xxxxOO01 
(2) 


xxxx0010 
(3) 


xxxx0011 
(4) 


xxxx0100 
(5) 


xxxx0101 
(6) 


xxxx0110 
(7) 


xxxx0111 
(8) 


xxxx1000 
(1) 


xxxx1001 
(2) 


xxxx1010 
(3) 


xxxx1011 
(4) 


xxxx1100 
(5) 


xxxx1101 
(6) 


xxxx1110 
(7) 


xxxx1111 
(8) 


4 
.Is 0000 
0010 
0011 
0100 
0110 
0111 
1010 
1100 
1101 
1110 
1111 


CG 


xxxxOOOO 
RAM 
(1) 


xxxxOO01 
(2) 


xxxx0010 
(3) 


xxxx0011 
(4) 


xxxx0100 
(5) 


xxxx0101 
(6) 


xxxxOll0 
(7) 


xxxxOl11 
(8) 


xxxxl000 
(1) 


xxxx1001 
(2) 


xxxxl010 
(3) 


xxxxl0ll 
(4) 


xxxxll00 
(5) 


xxxx1101 
(6) 


xxxx1110 
(7) 


xxxxl111 
(8) 


Table 6 Relationship between CG RAM Addresses, Character Codes (DO RAM) and Character 
Patterns (CG RAM data) 


For 5 x 7 dot character 
patterns 


Character Codes 
CG RAM Addre •• 
(DO RAM data) 


7 
65432 
1 0 
543 
2 
1 0 


High 
Low 
High 
Low 


0 
0 0 
0 0 
1 
0 
1 0 


000 
0 
1 
1 
o 
000 
• 
000 
1 0 
0 
1 0 
1 
1 
1 0 
1 
1 
1 
0 
0 0 
0 0 
1 
0 
1 0 


o 
000 
• 
0 
0 
1 
o 
0 
1 
0 
1 
1 
1 0 
0 
1 0 
1 
1 
1 0 
1 
1 
1 
0 0 
0 
0 0 
1 


Character Patterns 
(CG RAM data) 


7 
6 
5 
4 
3 
2 
1 0 


High 
Low 


Character 
pattern 


1 
1 
1 
0 
0 
0 
1 
1 0 
1 
1 
• • • 


Notes: 
1. Character code bits 0 to 2 correspond to CG RAM address bits 3 to 5 (3 bits: 8 types). 
2. CG RAM address bits 0 to 2 designate the character pattern line position. The 8th line is the 
cursor position and its display is formed by a logical OR with the cursor. 
Maintain the 8th line data, corresponding to the cursor display position, at 0 as the cursor display. 
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence. 


3. 
Character pattern row positions correspond to CG RAM data bits 0 to 4 (bit 4 being at the left ). 
Since CG RAM data bits 5 to 7 are not used for display, they can be used for general data RAM. 
4. As shown tables 5 and 6, CG RAM character patterns are selected when character code bits 
4 to 7 are all O. However, since character code bit 3 has no effect, the R display example above 
can be selected by either character code OOHor 08H. 


5. 
1 for CG RAM data corresponds to display selection and 0 to non-selection. 


• Indicates no effect 


Table 6 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) (cont) 


Character Codes 
(DO RAM data) 


7654321 
0 


:0 
0 
0 
0 
:0 
0 
0 
1 
o 
0 
1 
0 
o 
0 
1 
1 
o 
1 0 0 
000101 
o 
1 1 0 
o 
1 
1 
1 
1 
0 
0 
0 
1 0 0 
1 
1 0 
1 0 
-.----,.---------- 
1 
0 
1 
1 
1 
1 0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
000 
0 
000 
1 


1 
1 
0 
0 
o 
1 0 
"""" ""r,""0"-; --; 


:1 
1 0 
0 
: 1 
1 
0 
1 
i 1 
1 
1 
0 
: 1 
1 
1 
1 


Character Patterns 
(CG RAM data) 


7654321 
0 


Character 
pattern 


_~__~__~_~9 
_ 
... 
:..... 
I ~I 
, 
••••••••• 
.. .:, 


,,, 
,, 


-~--~--~-~---_.- ----- --- 
... 
:..... 
I ~I 
••••••••• 


Notes: 
1. Character code bits 1 and 2 correspond to CG RAM address bits 4 and 5 (2 bits: 4 types). 
2. CG RAM address bits 0 to 3 designate the character pattern line position. The 11th line is 
the cursor position and its display is formed by a logical OR with the cursor. 
Maintain the 11th line data corresponding to the cursor display positon at 0 as the cursor display. 
If the 11th line data is 1, 1 bits will light up the 11th line regardless of the cursor presence. 
Since lines 12 to 16 are not used for display, they can be used for general data RAM. 


3. 
Character pattern row positions are the same as 5 x 7 dot character pattern positions. 
4. 
CG RAM character patterns are selected when character code bits 4 to 7 are all O. 
However, since character code bits 0 and 3 have no effect, the P display example above 
can be selected by character CodesOOH,01H, OSH,and 09H. 
5. 
1 for CG RAM data corresponds to display selection and 0 to non-selection. 
• Indicates no effect. 


• 


Timing Generation Circuit 


The timing generation circuit generates timing 
signals for the operation of internal circuits such as 
DD RAM, CG ROM and CG RAM. RAM read 
timing for display and internal operation timing by 
MPU access are generated separately to avoid 
interfering 
with each other. 
Therefore, when 
writing data to DD RAM, for example, there will 
be no undesirable interferences, such as flickering, 
in areas other than the display area. This circuit 
also generates timing signals for the operation of 
the externally connected HD44100 driver. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 
16 common signal drivers and 100 segment signal 
drivers. When the character font and number of 
lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal drivers 
continue to output non-selection waveforms. 


The segment signal driver has essentially the same 
configuration as the HD44100 driver. Character 
pattern data is sent serially through a lOO-bitshift 
register and latched when all needed data has 


arrived. The latched data then enables the driver 
to generate drive waveform outputs. 
The serial 
data can be sent to externally cascaded HD44l00s 
used for displaying extended digit numbers. 


Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal 
shift register, 
the 
HD66702 drives from the head display. The rest 
of the display, corresponding to latter addresses, 
are added with each additional HD44l00. 


Cursor/Blink Control Circuit 


The cursor/blink 
control circuit generates the 
cursor or character blinking. 
The cursor or the 
blinking will appear with the digit located at the 
display data RAM (DD RAM) address set in the 
address counter (AC). 


For example (figure 11), when the address counter 
is 08H, the cursor position is displayed at DD 
RAM address 08H. 


AC6 
AC5 
AC4 
AC3 
AC2 
AC1 
ACO 


AC~ 


For a 1-line display 


Display position 


DO RAM address 
{ 
(hexadecimal) 


For a 2-line display 


Display position 


1 


00 
01 
02 
03 
04 
05 
06 
07 
~ 
09 
OA 


40 
41 
42 
43 
44 
45 
46 
47 }a 
49 
4A 


cursor posh ion 


Note: 
• The cursor or blinking appears when the address counter (AC) selects the character 
generator RAM (CG RAM). However, the cursor and blinking become meaningless. 
The cursor or blinking is displayed in the meaningless posh ion when the AC is a CG RAM address. 


Interfacing to the MPU 


The HD66702 can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 


For 4-bit interface data, only four bus lines 
(DB4 to DB7) are used for transfer. Bus lines 
DBo to DB3 are disabled. 
The data transfer 
between 
the HD66702 
and the MPU is 
completed 
after 
the 4-bit 
data has been 
transferred twice. 
As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB4 to DB7) are transferred before 
the four low order bits (for 8-bit operation, 
DBoto DB3). 


The 
busy 
flag 
must 
be 
checked 
(one 
instruction) 
after the 4-bit data has been 
transferred twice. Two more 4-bit operations 
then transfer the busy flag and address counter 
data. 


For 8-bit interface data, all eight bus lines 
(DBo to DB7) are used. 


Initializing 
by Internal Reset Circuit 


An internal reset circuit automatically initializes 
the HD66702 when the power is turned on. The 
following instructions are executed during the 
initialization. 
The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state lasts for 10 ms after Vcc rises to 
4.5V. 


l. 
Display clear 


2. Function set: 
DL = 1; 8-bit interface data 
N = 0; I-line display 
F = 0; 5 x 7 dot character font 


3. Display on/off control: 
D = 0; Display off 
C = 0; Cursor off 
B = 0; Blinking off 
4. Entry mode set: 
lID = 1;Increment by 1 
S = 0; No shift 
Note: If the electrical characteristics conditions 
listed "Under the table 
Power 
Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD66702. 
For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing 
by 
Instruction. 


RS 
I 


R!W 


E 


DB, 
IR7 
IR3 
BF 
K:.3 


DIIo 
IR. 
IR. 
AC. 
K:.. 


DB. 
K:., 


DB. 
IAo 
IR. 
c. 
K:.. 


Instruction 
regmer 
(IR) 
Busy flag (BF) and 
write 
address coonter (AC) 
read 


R7 
DR 


R 
DR 


R 
DR, 


R 
DR 


Data register (DR) 
read 


Only the instruction register (IR) and the data 
register (DR) of the HD66702 can be conttolled by 
the MPU. Before starting the internal opemtion of 
the HD66702, control information is temporarily 
stored into these registers to allow interfacing with 
various MPUs, which opemte at different speeds, 
or various peripheral 
control devices. 
The 
internal opemtion of the HD66702 is determined 
by signals sent from the MPU. 
These signals. 
which include register selection (RS), read/write 
(RIW), and the data bus (DBa to DB?), make up 
the HD66702 instructions (table 7). There are four 
categories of instructions that: 


Designate HD66702 functions, such as display 
format, data length, etc. 


Normally, instructions that perform data transfer 
with internal RAM are used the most. However, 


auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD66702 RAM addresses after 
each data write can lighten the progmm load of the 
MPU. Since the display shift instruction (table 12) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum progmmming efficiency. 


When an instruction is being executed for internal 
operation, no instruction 
other than the busy 
flag/address read instruction can be executed. 


Because 
the busy flag is set to 1 while an 
instruction is being executed. check it to make 
sure it is 0 before sending another instruction from 
theMPU. 


Note: Be sure the HD66702 is not in the busy 
state (BF = 0) before sending an instruction 
from the MPU to the HD66702. 
If an 
instruction is sent without checking the 
busy flag, 
the time between 
the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 7 for the list of each instruc- 
tion execution time. 


HD66702 


Table 7 
Instructions 


Code 
Execution nme 
(max) (when fep or 
In.tructlon 
RS 
RJW DB7 DB, 
DBs DB4 DBa DB2 DB1 DBo 
De.crlptlon 
fose I. 320 kHz) 


Clear 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
Clears 
entire display 
and 
1.28ms 


display 
sets DO RAM address 
0 in 
address 
counter. 


Return 
0 
0 
0 
0 
0 
0 
0 
0 
Sets DO RAM address 
0 in 
1.28ms 


home 
address 
counter. 
Also 


returns 
display 
from being 
shifted 
to original 
position. 
DO RAM contents 
remain 
unchanged. 


Entry 
0 
0 
0 
0 
0 
0 
0 
I/O 
S 
Sets cursor 
move direction 
31 )1S 


mode 
set 
and specifies 
display 
shift. 
These 
operations 
are 
perfom1ed 
during 
data 
write and read. 


Display 
0 
0 
0 
0 
0 
0 
0 
C 
8 
Sets entire 
display 
(D) 
31 )1S 
on/off 
on/off, cursor 
on/off 
(C), 
oontrol 
and blinking 
of cursor 
position 
character 
(8). 


Cursor 
or 
0 
0 
0 
0 
0 
SIC 
AIL - 
Moves 
cursor 
and shifts 
31 )1S 
display 
display 
without 
changing 
shift 
DO RAM contents. 


Function 
0 
0 
0 
0 
DL 
N 
F 
Sets interface 
data length 
31 )1S 
set 
(DL), number 
of display 
lines (L), and character 
font (F). 


SetCG 
0 
0 
0 
ACG 
Aoo 
Aoo 
ACG 
Aoo 
Aoo 
Sets CG RAM address. 
31 )1S 
RAM 
CG RAM data is sent and 
address 
received 
after this setting. 


Set DO 
0 
0 
ADD 
ADD 
ADD 
Aoo 
ADD 
ADD 
ADD 
Sets DO RAM address. 
31 )1S 
RAM 
DO RAM data is sent and 
address 
received 
after this setting. 


Read busy 
0 
8F 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
Reads 
busy flag (8F) 
0)1S 
flag & 
indicating 
internal 
operation 
address 
is being performed 
and 
reads address 
oounter 
contents. 


Code 


RS 
RJW DB7 DBe DBs DB. 
DB3 DB2 DB, 
DBo 


1 
0 
Write data 


Description 


Writes data into DD RAM 
orCG RAM. 


Execution nme 
(max) (when fcp or 
fose Is 320 kHz) 


31 1&$ 
tADD" 4.7 1&$- 


Inatructlon 


Write data 
to CGor 
DO RAM 


Read data 
from CG or 
DO RAM 


Reads data from DO RAM 
311&$ 
or CG RAM. 
tADD,,4.71&$- 


110 = 1: Increment 
110 = 0: Decrement 
S 
= 1: Accompanies display shift 
SIC = 1: Display shift 
SIC = 0: Cursor move 
AIL = 1: Shift to the right 
AIL = 0: Shift to the left 
DL = 1: 8 bits, DL = 0: 4 bits 
N 
= 1: 2 lines, N = 0: 1 line 
F 
= 1: 5 x 10 dots, F = 0: 5 x 7 dots 
SF = 1: Internally operating 
SF = 0: Instructions acceptable 


- 
indicates no effect. 


• After execution of the CG RAM'DD RAM data write or read instruction, the RAM address counter is 
incremented or decremented by 1. The RAM address counter is updated after the busy flag turns off. 
In figure 13, tADOis the time elapsed after the busy flag turns off until the address counter is updated. 


DD RAM: Display data 
RAM 
CG RAM: Character 
generator RAM 
Aca: CG RAM address 
ADD: DO RAM address 
(corresponds to 
cursor address) 
AC: 
Address counter 
used for both DO and 
CG RAM addresses 


Execution time 
changes when 
frequency changes 
Example: 
When f", or fose 
is 270 kHz, 
320 
31 1&$x 270 = 371&$ 


Busy signal 
(D~ 
pin) 
B•• , ,tata4...--------------- 
, 


A 
: 


: .. 
X 
A_+_1 
_ 
Address 
counter 
(DBo to DBs pins) 


Note: 
t ADD depends 
on the operation 
frequency 
t ADD = 1.5/(1cpor losc) 
seconds 


Clear Display 


Clear display writes space code 20H (character 
pattern for character code 20H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address 0 into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the fIrst line if 2 lines are displayed). It 
also sets lID to 1 (increment mode) in entry mode. 
S of entry mode does not change. 


Return home sets DD RAM address 0 into the 
address counter, and returns the display to its 
original status if it was shifted. 
The DD RAM 
contents do not change. 


The cursor or blinking go to the left edge of the 
display (in the fIrst line if 2 lines are displayed). 


Entry Mode Set 


lID: Increments (lID = 1) or decrements (lID = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 


The cursor or blinking moves to the right when 
incremented 
by 
1 and 
to 
the 
left 
when 
decremented by 1. The same applies to writing 
and reading of CG RAM. 


S: Shifts the entire display either to the right 
(lID = 0) or to the left (lID = 1) when S is 1. The 
display does not shift if S is O. 


If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM does not shift 
the display. 


Display On/Off Control 


D: The display is on when D is 1 and off when D 
is O. When off, the display data remains in DD 
RAM, but can be displayed instantly by setting 
Dto1. 


C: The cursor is displayed when C is 1 and not 
displayed 
when C is O. Even if the cursor 
disappears, 
the 
function 
of 
I/D 
or 
other 
specifIcations will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 7 dot character font selection and 
in the 11th line for the 5 x 10 dot character font 
selection (figure 16). 


B: The character indicated by the cursor blinks 
when B is 1 (fIgure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 320-ms intervals when fcp 
or fose is 320 kHz. The cursor and blinking can 
be set to display simultaneously. 
(The blinking 
frequency 
changes 
according 
to fose 
or the 
reciprocal 
of fep' 
For example, 
when fep is 
270 kHz, 320 x 320/270 = 379.2 ms.) 


Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 8). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. Note that 
the first and second line displays will shift at the 
same time. 


When the displayed data is shifted repeatedly each 
line moves only horizontally. 
The second line 
display does not shift into the first line position. 


The address counter (AC) contents will not change 
if the only action performed is a display shift 


DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB7 to DBo) when 
DL is 1, and in 4-bit lengths (DB7 to DB4) when 
DLisO. 


When 4-bit length is selected, data must be sent or 
received twice. 


Note: Perform the function at the head of the 
program before executing any instructions 
(except for the read busy flag and address 
instruction). From this point, the function 
set instruction cannot be executed unless 
the interface data length is changed. 


Set CG RAM address sets the CG RAM address 
binary AAAAAA into the address counter. 


Data is then written to or read from the MPU for 
CGRAM. 


RS 
RiW 
DB7 
DBe 
DBs 
DB4 
DBa 
DI3:l 
OBI 
DBo 


Clear 
Code 
display 


RS 
RiW 
DB7 
DBa 
DBs 
DB4 
DBa 
DI3:l 
OBI 
DBo 


Return 
Code 
Note: 
• Don't care. 
home 


RS 
RIW 
DB7 
DBs 
DBs 
DB4 
DBa 
DI3:l 
OBI 
DBo 


Entry 
Code 
mode 
set 


RS 
RiW 
DB7 
DBa 
DBs 
D~ 
DB.! 
DB.! 
OBI 
DBo 


Display 
Code 
on/off 
control 


Figure 14 


RS 
RiW 
DB7 
DBs 
DBs 
DB4 
DB3 
DB2 
OBI 
DBo 


Cursor 
or 
Code 
Note: 
• Don't care. 
display 
shift 


RS 
RiW 
DB7 
DBe 
DBs 
DB4 
DB3 
DB2 
OBI 
DBo 


Function 
set 
Code 
Note: 
• Don't care. 


RS 
RiW 
DB7 
DBs 
DBs 
DB4 
DB3 
DB2 
OBI 
DBo 


SetCG 
Code 
RAM address 


Highest 
Lowest 
order bit 
order bit 


Figure IS 
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Set DD RAM address 
sets the DD RAM address 
binary AAAAAAA 
into the address counter. 


Data is then written to or read from the MPU for 
DDRAM. 


However. 
when 
N 
is 
0 
(I-line 
display). 
AAAAAAA 
can be OOH to 4FH. 
When N is I 
(2-line display), 
AAAAAAA 
can be OOH to 27H 
for the first line. and 40H to 67H for the second 
line. 


Read Busy Flag and Address 


Read busy flag and address 
reads 
the busy flag 
(BF) indicating 
that the system is now internally 
operating 
on a previously 
received 
instruction. 
If 
BF is 1. the internal operation is in progress. 
The 
next instruction 
will not be accepted 
until BF is 
reset to O. Check the BF status before 
the next 
write operation. 
At the same time. the value of the 
address counter in binary AAAAAAA 
is read out 
This address counter is used by both CO and DD 
RAM addresses, and its value is determined 
by the 
previous instruction. 
The address contents are the 
same as for instructions 
set CG RAM address and 
set DD RAM address. 


Shifts the cursor position to the left. 
(AC is decremented 
by one.) 


Shifts the cursor position to the right. 
(AC is incremented 
by one.) 


Shifts the entire display to the left. The cursor follows the display shift. 


Shifts the entire display to the right. 
The cursor follows the display shift. 


Table 9 
Function 
Set 


No.of 
Display 
Character 
Duty 
N 
F 
Lines 
Font 
Factor 


0 
0 
1 
5x7dots 
1/8 


0 
1 
1 
5 x 10 dots 
1/11 


1 
• 
2 
5x7dots 
1/16 


Note: 
• Indicates 
don't care. 


I 
I~. 


"" 
Cursor 
- 
.•••••••• 


5 x 7 dot 
character 
font 


5x10dot 
character 
font 


Write Data to CG or DD RAM 


Write data to CO or DD RAM writes 8-bit binary 
data DDDDDDDD to CO or DD RAM. 


To write into CO or DD RAM is determined by 
the previous specification of the CO RAM or DD 
RAM address setting. After a write, the address is 
automatically incremented or decremented by I 
according to the entry mode. The entry mode also 
determines the display shift. 


Read Data from CG or DD RAM 


Read data from CO or DD RAM reads 8-bit binary 
data DDDDDDDD from CO or DD RAM. 


The previous designation determines whether CO 
or DD RAM is to be read. 
Before entering this 
read instruction, either CO RAM or DD RAM 
address set instruction must be executed. 
If not 
executed, the first read data will be invalid. When 
serially executing 
read instructions, 
the next 
address data is normally read from the second 
read. 
The address set instructions need not be 


executed just before this read instruction when 
shifting the cursor by the cursor shift instruction 
(when reading out DD RAM). The operation of 
the cursor shift instruction is the same as the set 
DD RAM address instruction. 


After a read, the entry mode automatically 
increases or decreases the address by I. However, 
display shift is not executed regardless of the entry 
mode. 


Note: The address counter (AC) is automatically 
incremented or decremented by I after the 
write instructions to CO RAM or DD RAM 
are executed. 
The RAM data selected by 
the AC cannot be read out at this time even 
if read instructions are executed. Therefore, 
to correctly read data, execute either the 
address 
set instruction 
or cursor 
shift 
instruction (only with DD RAM), then just 
before reading the desired data, execute the 
read instruction from the second time the 
read instruction is sent. 


RS 
RiW 
DB7 
DB6 
DBs 
DB4 
DB3 
DB2 
DB, 
DBa 


Write data to 
Code 
CGorDD 
RAM 


_ 
Higher 
Lower _ 
order bits 
order bits 


RS 
RiW 
DB7 
DB6 
DBs 
DB4 
DB3 
DB2 
DB, 
DBa 


Read data from 
Code 
CGorDD 
RAM 


Higher 
Lower 
- 
order bits 
order bits - 


Figure 18 


VMA 
.-- 
I 
COM, 
to 
16 
112 
I 
E 
COM16 
A15 
Ao 
RS 


RIW 
RIW 
SEG1 
to 
100 
8 
DBoto-OB7 
SEG,oo 
Doto D7 


8 
COM1 
to 
16 
Aoto A7 
DBo to DB7 
COM16 


Co 
E 
100 
C1 
RS 
SEG, 
to 


C2 
RIW 
SEG,oo 


P34 
RS 
COM, 
to 
16 
P35 
RJW 
COM,6 
P36 
E 


Pm to PH 
DBo to DB7 SEG, 
to 
100 
8 
SEG,oo 


In this example. 
PBo to PB7 are connected 
to 
the data bus DBo to DB7• and PAc to PA2 are 
connected to E. R/W. and RS. respectively. 
Interfacing 
to an 8-bit MPU through a PIA 


See figure 23 for an example of using a PIA or 
I/O port (for a single-chip 
microcomputer) 
as 
an interface 
device. 
The input and output of 
the device is TIL compatible. 


Pay careful attention to the timing relationship 
between E and the other signals when reading 
or writing data using a PIA for the interface. 


RS 


RiW = 
Not 
~ 
Data 
'X!LLLf---B-u-sy-'<@Z2J--~B-us-y-'V/-/j~%-%-~- 
bUSy..0ZX 
Data 
~ 


I 
~~:~f1ag 
I 
~~~:ag 
I 
~~:~Iag 
I 
~~~ction 


Internal 
operation 


HD68BOO 
HD68B21 
HD66702 
(8-bit CPU) 
(PIA) 


A'5 
CS2 
COM, to 
16 
A14 
CSl 
PA2 
RS 
COM'6 
A13 
CSo 
PAl 
RJW 
Al 
RS, 
LCD 


Ao 
RSo 
PAo 
E 
SEGl 
to 
RJW 
RJW 
SEGloo 
VMA 
E 
8 
92 
PBo to PB7 
DBoto DB7 
8 
DBo to DB7 
Do to 07 


• 


Interfacing to a 4-bit MPU 


The HD66702 can be connected to the I/O port 
of a 4-bit MPU. 
If the I/O port has enough 
bits, 8-bit data can be transferred. Otherwise, 
one data transfer 
must be made in two 
operations for 4-bit data. 
In this case, the 
timing sequence becomes somewhat complex. 
(See figure 24.) 


See figure 25 for an interface example to the 
HMCS43C. 


Note that two cycles are needed for the busy 
flag check as well as for the data transfer. The 
4-bit operation is selected by the program. 


RS 


RIW 


E 
\"------- 


Internal 
operation 
~ 
•...._-- 


Not 
busy 


Instruction 
write 
Busy flag 
check 


Note: 
• IR7• IRa are the 7th and 3rd bits of the instruction 
ACa is the 3rd bit of the address counter 


Busy flag 
check 
Instruction 
write 


HMCS43C 
(Hitachi 4-bit single-ehip 
microcontroller) 


RS 


RIW 


E 


Character 
Font and Number 
or Lines: The 
HD66702 can perform two types of displays, 5 x 7 
dot and 5 x 10 dot character fonts, each with a 
cursor. 


The number of lines and font types can be selected 
by the program. (See table 7. Instructions.) 


Connection 
to HD66702 and Liquid 
Crystal 
Display: 
See figure 
26 for the connection 
examples. 
Up to two lines are displayed for 5 x 7 dots and 
one line for 5 x 10 dots. Therefore, a total of three 


Number of Line. 


1 


1 


2 


Character Font 


5 x 7 dots + cursor 


5 x 10 dots + cursor 


5 x 7 dots + cursor 


Duty Factor 


1/8 


1/11 


1/16 


Number of Common Signals 


8 


11 


16 


COM, 
11111 


COMe 


S~G, 
'III --- --_ ..----_ ..----- --_ ..-------..--_ ......--_. 
-- 


SEG,oo 


COM, 


COM" 


S~G, 
--- --_ ..----_ ...... --_ ...... -_ .................. - 


SEG,oo 


Since five segment signal lines can display one 
digit, one HD66702 can display up to 20 digits for 
a I-line display and 40 digits for a 2-line display. 


selection waveforms. 
When the liquid crystal 
display panel has unused extra scanning lines, 
connect the extra scanning lines to these common 
signal pins to avoid any undesirable effects due to 
crosstalk during the floating state (figure 28). 
The examples in figure 26 have unused common 
signal 
pins, 
which 
always 
output 
non- 


COM, 
'I 


COMs 


C~Mg 


COM,s 
= 


SEG, 
--------.-.------------------- -_. 


SEG,oo 


COM, 
IIIIII 
COMs 
COMg W 


SEG, 
--------------------- -- ---- ----.- 


SEG,oo 


Connection of Changed Matrix Layout: In the 
preceding 
examples. 
the 
number 
of lines 
correspond to the scanning lines. 
However. the 
following display examples (figure 29) are made 
possible by altering the matrix layout of the liquid 
crystal display panel. 
In either case, the only 
change is the layout. The display characteristics 


and the number of liquid crystal display characters 
depend on the number of common signals or on 
duty factor. Note that the display data RAM (DO 
RAM) addresses for 10 characters x 2 lines and 
for 40 characters x I line are the same as in 
figure 27. 


COM, 


COMs 


-_ ..--~------_. 


________ 
••• 
____ 
0 


S~G, 


SEGlIlO 
COMg 


COM,6 


5 x 7 dol, 4O-Character 
x l-line 
display 


(1/5 bias, 1/16 duty cycle) 


SEG, 


SEGso 
-------------. 


COM, 


: 


COMs 


SEGs, 
------------_. 


SEGlIlO 


5 x 7 dOl, lO-Character 
x 2-line display 


(1/4 bias, 
1/8 duty cycle) 


• 


Power Supply for Liquid Crystal 
Display Drive 


Various voltage levels must be applied to pins 
V1 to V5 of the HD66702 to obtain the liquid 
crystal display drive waveforms. 
The voltages 
must be changed according to the duty factor 
(table 11). 


VLCDis the peak value for the liquid crystal 
display drive waveforms, and resistance dividing 
provides voltages V1 to V5 (figure 30). 


Table 11 Duty Factor and Power Supply for Liquid Crystal Display Drive 


Duty Factor 


1/16 


Power Supply 


V, 


V2 
V3 
V4 
Vs 


Bias 


1/5 


Vcc-115 VLCD 


Vcc-215 VLCD 
Vcc-315 VLCD 


Vcc-415 VLCD 


Vcc-VLCD 


1/4 


Vcc-1/4 
VLCD 


Vcc-1/2 
VLCD 


Vcc-1/2 
VLCD 
Vcc-3/4 
VLCD 


VCC-VLCD 


Vcc (+5 V) 
Vcc (+5 V) 


Vcc 
VCC 


V, 
V, 


V2 
VLCD 
V2 
VLCD 
V3 
V3 
V4 
V4 


Vs 
Vs 


-5V 
-5V 


1/4 bias 
115 bias 
(1/8, 
1111 duty cycle) 
(1/16, 
duty cycle) 


Figure 30 Drive Voltage Supply Example 


Relationship between Oscillation 
Frequency and Liquid Crystal Display 
Frame Frequency 


The liquid crystal display frame frequencies of 
figure 31 apply only when the oscillation 
frequency 
is 320 kHz (one clock pulse of 
3.125 J.IS). 


COMl 


va; 
v, 


Vz (Va) 


V. 


Vs 


COMl 


Va; 


V, 


Vz (Va) 


V. 


Vs 


COMl 


Va; 


V1 


Vz 


Va 


V. 


Vs 


1 frame = 3.1251JS x 400 x 8 = 10000 IJS= 10 ms 


Frame frequency = 
_1 
- 
= 100 Hz 
10ms 


1frame=3.125IJSx 
400 x11=137501JS=13.75ms 


Frame frequency = __ 
1_ 
= 72.7 Hz 
13.75 ms 


1 frame = 3.125 IJSx 200 x16 = 1ססoo IJS= 10 ms 


Frame frequency = 
_1 
- 
= 100 Hz 
10ms 


By externally 
connecting 
an HD44100 liquid 
crystal display driver to the HD66702, the number 
of display digits can be increased. The HD44100 
is used as a segment signal driver when connected 
to the HD66702. The HD44100 can be directly 
connected to the HD66702 since it supplies CL1, 
~, 
M. and D signals and power for the liquid 
crystal display drive (figure 32). 


Up to eight HD44100 units can be connected for a 
I-line display (duty factor 1/8 or 1/11) and up to 
three units for a 2-line display (duty factor 1/16). 
The RAM size limits the HD66702 to a maximum 
of 80 character display digits. 
The connection 
method for both I-line and 2-line displays or for 
5 x 7 and 5 x 10dot character fonts can remain the 
same (figure 32). 


Caution: The connection of voltage supply pins 
VI through V6 for the liquid crystal 
display drive is somewhat complicated. 
The EXT pin must be fixed low if the 
HD44100 is to be connected 
to the 
HD66702. 


COM,~M16 
~ 
Dot-matrix~quidcrystal displaypanel 
(COM,~M.) 


~1~-4O 


........ 
r- 
~- 
.••..•.•~ 
--- 


........ 


SEG,-SEG, •• 
40 
40 


0 
DL, 
Y,-------Y40 
OR,- 
OL, 
y,••••••• y•• 
DR, f- .......- 
DL, 
y,••••••• y•• 
DR, 


FCS 
DL'J 
FCS 
OL'D 
FCS 
DL'] 
SHL, 
HD44100 
SHL, 
HD44100 
SHL, 
HD44100 
EXT 
~ 
SHL, 
DR, 
SHL, 
DR, 
SHL, 
DR, 
!!£1~lf~~::~~:::: 
PPcg:~« 
:=~:::= 
00 
<~ 
«« 
,...•....1: H 
« 
- 
N 
_ N 
- 
N 
_N ..... 


CL, 
II 
I 
~ 
....- 
CL, 
....- 
M 
---- 
Vcc 
.... 
GNO 
-... 
V, 
---- 
V. 
._.- 
V. 
---- 


Instruction and Display Correspondence 


8-bit operation, 20-digit x I-line display with 
internal reset 


Refer 
to table 
12 for an example 
of an 
8-bit x I-line display in 8-bit operation. The 
HD66702 
functions 
must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, as explained before, the RAM 
can be used for displays such as for advertising 
when 
combined 
with 
the display 
shift 
operation. 


Since the display shift opemtion changes only 
the display position with DD RAM contents 
unchanged, the fIrst display data entered into 
DD RAM can be output when the return home 
operation is performed. 


• 
4-bit operation, 20-digit x I-line display with 
internal reset 


The program must set all functions prior to the 
4-bit operation (table 13). When the power is 
turned on, 8-bit operation is automatically 
selected and the fIrst write is performed as an 
8-bit operation. 
Since DBo to DB3 are not 
connected, 
a rewrite 
is then 
required. 


However, since one opemtion is completed in 
two accesses for 4-bit opemtion, a rewrite is 
needed to set the functions (see table 13). 
Thus, 
DB4 to DB7 of the function 
set 
instruction is written twice. 


For a 2-line display, the cursor automatically 
moves from the fIrst to the second line after 
the 40th digit of the first line has been written. 
Thus, if there are only 20 characters in the first 
line, the DD RAM address must be again set 
after the 20th character is completed. 
(See 
table 14.) Note that the display shift opemtion 
is performed for the first and second lines. 
In 
the example of table 14, the display shift is 
performed when the cursor is on the second 
line. 
However, 
if the shift operation 
is 
performed when the cursor is on the flrst line, 
both the fIrst and second lines move together. 
If the shift is repeated, the display of the 
second line will not move to the fIrst line. The 
same display will only shift within its own line 
for the number of times the shift is repeated. 


Note: When using the internal reset, the electrical 
characteristics 
in the Power 
Supply 
Conditions Using Internal Reset Circuit 
table 
must be satisfied. 
If not, the 
LCD-II/E20 
must 
be 
initialized 
by 
instructions. 
(Because the internal reset 
does not function correctly when Vcc is 
3 V, it must always 
be initialized 
by 
software.) See .the section, Initializing by 
Instruction. 


HD66702 


Table 12 8-Bit Operation, 20-Digit x I-Line Display Example with Internal Reset 


Step 
Instruction 


No. 
RS 
RIW DB7 DBa DBa DB4 DB3 DB2 DB, 
DBa 
Display 
Operation 


Power supply on (the HD66702 
is initialized 
by 
Initialized. 
No display. 
the internal 
reset circuit) 


2 
Function 
set 
Sets to a-bit operation 
and 
0 
0 
0 
0 
0 
0 
• 
• 
selects 
1-line display 
and 
character 
font. 
(Number 
of 
display 
lines and character 
fonts cannot be changed 
after 


step #2.) 


3 
Display on/off control 
1- 
Turns on display 
and cursor. 


0 
0 
0 
0 
0 
0 
0 
Entire display 
is in space mode 
because 
of initialization. 


4 
Entry mode set 
1- 
Sets mode to increment 
the 
0 
0 
0 
0 
0 
0 
0 
0 
address 
by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display 
is not shifted. 


5 
Write data to CG RAMIDD 
RAM 
I H_ 
Writes H. 
DO RAM has 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
already 
been selected 
by 
initialization 
when the power 
Was turned on. 
The cursor 
is incremented 
by 
one and shifted to the right. 


6 
Write data to CG RAMIDD 
RAM 
I HI 
Writes 
I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


7 


a 
Write data to CG RAMIDD 
RAM 
I HITACHL 
Writes I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


9 
Entry mode set 
IHITACHI_ 
Sets mode to shift display 
at 
0 
0 
0 
0 
0 
0 
0 
the time of write. 


10 
Write data to CG RAMIDD 
RAM 
IITACHI 
_ 
Writes a space. 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 


Table 12 8-Bit Operation, 20-Digit x I-Line Display Example with Internal Reset (cont) 


Step 
Instruction 


No. 
RS 
RIW DB7 DBa DBs DB4 DB3 DB2 DB, 
DBo 
Display 
Operation 


11 
Write data to CG RAMIDD 
RAM 
ITACHI M_ 
Writes M. 
1 
0 
0 
1 
0 
0 
1 
0 


12 


13 
Write data to CG RAMIDD 
RAM 
IMICROKO_ 
WritesO. 
1 
0 
0 
1 
0 
0 
1 


14 
Cursor or display shift 
IMICROKQ 
Shifts only the cursor position 
0 
0 
0 
0 
0 
0 
0 
• 
• 
to the left. 


15 
Cursor or display 
shift 
IMICRO~O 
Shifts only the cursor position 
0 
0 
0 
0 
0 
1 
0 
0 
• 
• 
to the left. 


16 
Write data to CG RAMIDD 
RAM 
IICROCQ 
Writes Cover 
K. 


1 
0 
0 
1 
0 
0 
0 
0 
The display 
moves to the left. 


17 
Cursor or display 
shift 
IMICROCQ 
Shifts the display and cursor 
0 
0 
0 
0 
0 
• 
• 
position to the right. 


18 
Cursor or display shift 
IMICROCO_ 
Shifts the display 
and cursor 
0 
0 
0 
0 
0 
1 
0 
• 
• 
position to the right. 


19 
Write data to CG RAMIDD 
RAM 
IICROCOM_ 
Writes M. 
1 
0 
0 
1 
0 
0 
1 
0 


20 


21 
Return home 
I !::!ITACHI 
Returns both display and cursor 
0 
0 
0 
0 
0 
0 
0 
0 
0 
to the original 
position 
(address 
0). 


Step 
I_"_st_r_uct_lo_" 
_ 
No. 
RS RiWDB7 DBa DBs DB4 
Display 


Power supply on (the HD66702 is initialized by 
the internal reset circuit) 


Function set 
000 
0 


3 
Function set 
00000 
0000· 
• 


4 
Display on/off control 
000 
000 
o 
0 
1 
1 
1 
0 


Entry mode set 
000 
000 
o 
0 
0 
1 
1 
0 


Write data to CG RAMIDD RAM 
100 
1 
0 
0 
101 
000 


Note: The control is the same as for a-bit operation beyond step #6. 


Operatlo" 


Initialized. No display. 


Sets to 4-bit operation. 
In this case, operation is 
handled as a bits by initializa- 
tion, and only this instruction 
completes with one write. 


Sets 4-bit operation and selects 
1-line display and 5 x 7 dot 
character font. 4-bit operation 
starts from this step and 
resetting is necessary. 
(Number of display lines and 
character fonts cannot be 
changed after step #3.) 


Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


Writes H. 
The cursor is incremented by 
one and shifts to the right. 


HD66702 


Table 14 8·Bit Operation, 2O.Digitx 2·Line Display Example with Internal Reset 


Stop 
Instruction 


No. 
RS 
RIW DB7 DBa DBs DB4 DB3 DBz DB, 
DBo 
Display 
Operation 


1 
Power supply on (the HD66702 
is initialized 
by 
I 


Initialized. 
No display. 
the internal 
reset circuit) 


2 
Function 
set 
I 


Sets to a-bit operation 
and 
0 
0 
0 
0 
0 
• 
• 
selects 2-line display 
and 
5 x 7 dot character 
font. 


3 
Display on/off control 
1- 


Turns on display and cursor. 


0 
0 
0 
0 
0 
0 
0 
All display 
is in space mode 
because 
of initialization. 


4 
Entry mode set 
I 


Sets mode to increment 
the 
0 
0 
0 
0 
0 
0 
0 
0 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG 
RAM. 
Display 
is not shifted. 


5 
Write data to CG RAMIDD 
RAM 
I H_ 
Writes H. DO RAM has 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
already 
been selected 
by 
initialization 
when the power 
was turned on. 
The cursor is 
incremented 
by one and shifted 
to the right. 


6 


7 
Write data to CG RAMIDD 
RAM 
I HITACHL 
Writes 
I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


a 
Set DO RAM address 
I~ITACHI 
Sets RAM address 
so that the 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
cursor is positioned 
at the head 
of the second 
line. 


Instruction 
Step 
_ 


No. 
RS 
RIW DB7 DB1 DBs DB4 DB3 DB2 DB, DBa Display 


9 
Write data to CG RAMIDD RAM 
I tlM'_TACH' 
1001001 
0 
• 


Operation 


Writes M. 


11 
Write data to CG RAMIDD RAM 
1001001 


12 
Entry mode set 
000 
000 
0 
Sets mode to shift display at 
the time of write. 


13 
Write data to CG RAM/DO RAM 
1001001 
Writes M. Display is shifted to 
the right. The first and second 
lines both shift at the same time. 


15 
Return home 
000 
000 
0 
0 
Returns both display and cursor 
to the original position 
(address 0). 


If the power supply conditions 
for correctly 
operating the internal reset circuit are not met, 
initialization by instructions becomes necessary. 


Refer to figures 33 and 34 for the procedures on 
8-bit and 4-bit initializations, respectively. 


( 
Wait 
for more than 40 ms 
) 
after Vcc rises to 2.7 V 


[ 
I BF cannot 
be checked 
before 
this instruction. 


Function 
set 
(Interface 
is 8 bits long.) 


[ 
I BF cannot 
be checked 
before 
this instruction. 


Function 
set 
(Interface 
is 8 bits long.) 


[ 
I BF cannot 
be checked 
before 
this instruction. 


Function 
set 
(Interface 
is 8 bits long.) 


BF can be checked 
after the following 
instructions. 


When 
BF is not checked, 
the waiting 
time between 
instructions 
is longer 
than the execution 
instuction 
time. 
(See table 7.) 


Function 
set 
(Interface 
is 8 bits long. 
Specify 
the 
number 
of display 
lines and character 
fon!.) 
The number 
of display 
lines and character 
font 
cannot 
be changed 
after this point. 


Display 
off 


Display 
clear 


Entry mode set 


Wait for more than 
15 ms 
after Vcc 
rises to 4.5 V 


AS Alii D8] 
D8& DBs DB4 DB:! DB:! DB, DBa 
000011 
••• 


AS Alii D8] 
DBa DBs DB4 DB:i DB:! DB, DBa 
000011 
••• 


AS FIiW D8] D8& DBs DB4 DB:! DB:! DBI DBa 
00001 
1 
• 
• 
• 
• 


AS FIiW D8] 
D8& DBs 084 DB:! DB:! DB, DBa 
0 
0 
0 
0 
1 
1 
N 
F 
• 
• 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
liD 
S 


Initialization 
ends 


Wait for more than 
15 ms 
after Vcc rises to 4.5 V 


AS PIN ~ 
DBe DBs D8.I 
00001 
0 
00001 
0 
OONF·· 
o 
0 
0 
0 
0 
0 
001 
000 
000000 
00000 
1 
000000 
0001110S 


( 
Wait 
for more than 40 ms ) 
after Vcc 
rises to 2.7 V 


[ 
I SF cannot 
be checked 
before 
this instruction. 


Function 
set 
(Interface 
is 8 bits long.) 


[ 
I SF cannot 
be checked 
before 
this instruction. 


Function 
set 
(Interface 
is 8 bits long.) 


[ 
I SF cannot 
be checked 
before 
this instruction. 


Function 
set 
(Interface 
is 8 bits long.) 


SF can be checked 
after the following 
instructions. 


When 
SF is not checked, 
the waiting 
time between 
instructions 
is longer 
than the execution 
instuction 
time. 
(See table 7.) 


Function 
set 
(Set interface 
to be 4 bits long.) 
Interlace 
is 8 bits in length. 


Function 
set 
(Interface 
is 4 bits long. 
Specify 
the 
number 
of display 
lines and character 
font.) 
The number 
of display 
lines and character 
font 
cannot 
be changed 
after this point. 


Display 
off 


Display 
clear 


Entry mode 
set 


[Low voltage version] 


Absolute Maximum 
Ratings* 


Item 
Symbol 
Unit 
Value 
Notes 


Power supply voltage (1) 
Vce 
V 
-<>.3to +7.0 
1 


Power supply voltage (2) 
Vcc-Vs 
V 
-<>.3to +7.0 
2 


Input voltage 
VI 
V 
-<>.3to Vcc +0.3 
1 


Operating temperature 
Topt 
·C 
-20 to +75 
3 


Storage temperature 
Talg 
·C 
-55 to +125 
4 


Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 


Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. 


DC Characteristics 
(VCC = 2.7 to 5.5 V, Ta = -20 to +7soC·3) 


Item 
Symbol 
Mln 
~ 
Max 
Unit 
Test Condition 
Notes· 


Input high voltage (1) 
V1H1 
0.7Vce 
Vce 
V 
6, 17 
(except OSC1) 


Input low voltage (1) 
V1l1 
-<>.3 
0.55 
V 
6, 17 
(except OSC1) 


Input high voltage (2) 
V1H2 
0.7Vce 
Vce 
V 
15 
(OSC1) 


Input low voltage (2) 
V1L2 
0.2Vcc 
V 
15 
(OSC1) 


Output high voltage (1) 
VOH1 
0.75Vce 
V 
-100 - 0.1 mA 
7 
(00-07) 


Output low voltage (1) 
VOl1 
0.2Vcc 
V 
IOL- 0.1 mA 
7 
(00-07) 


Output high voltage (2) 
VOH2 
0.8Vce 
V 
-IOH = 0.04 mA 
8 
(except 00-07) 


Output low voltage (2) 
V0L2 
0.2Vcc 
V 
IOL- 0.04 mA 
8 
(except 00-07) 


Driver on resistance 
ReOM 
20 
kn 
±Id - 0.05 mA (COM) 
13 
(COM) 


Driver on resistance 
RSEG 
30 
kn 
±Id - 0.05 mA (SEG) 
13 
(SEG) 


Input leakage current 
III 
-1 
1 
~ 
V1N- Oto Vcc 
9 


Pull-up MOS current 
-Ip 
10 
50 
120 
~ 
Vce -3 V 
(RS, RIW) 


Power supply current 
Ice 
0.15 
0.30 
mA 
R,oscillation, 
10, 14 
external clock 
Vcc - 3V,fosc - 270 kHz 


LCD voltage 
VLCD1 
3.0 
7.0 
V 
Vcc;-Vs, 115 bias 
16 


VLCD2 
3.0 
7.0 
V 
Vcc;-Vs, 1/4 bias 
16 


Note: • Refer to the Electrical Characteristics Notes section following these tables. 


R, 
oscillation 


Note: 
• Refer to the Electrical 
Characteristics 
Notes section following 
these tables. 


Symbol 


fcp 


Duty 


trcp 


t,cp 


fose 


Mln 


125 


45 


1YP 


270 


50 


410 


55 


0.2 


0.2 


420 


~ 
~ 


kHz 


Item 


External 
clock 
operation 


Unit 
Test Condition 


kHz 


Note.- 


11 
External 
clock frequency 


External 
clock duty 


External 
clock rise time 


External 
clock fall time 


Bus Timing Characteristics 


Write Operation 


Item 
Symbol 
Mln 
1YP 
Max 
Unit 
Test Condition 


Enable cycle time 
tcycE 
1000 
ns 
Figure 35 


Enable pulse width (high level) 
PWEH 
450 


Enable riselfall 
time 
tEr. tEl 
25 


Address 
set-up time (RS. RIW to E) 
tAS 
40 


Address 
hold time 
tAH 
20 


Data set-up time 
tosw 
195 


Data hold time 
tH 
10 


Read Operation 


Item 
Symbol 
Mln 
1YP 
Max 
Unit 
Test Condition 


Enable cycle time 
tcycE 
1000 
ns 
Figure 36 


Enable pulse width (high level) 
PWEH 
450 


Enable riselfall time 
tEr. tel 
25 


Address 
set-up time (RS. RIW to E) 
tAS 
40 


Address 
hold time 
tAH 
20 


Data delay time 
tOOR 
350 


Data hold time 
tDHR 
20 


Interface Timing Characteristics with External Driver 


Item 
Symbol 
Mln 
'TYP 
Max 
Unit 
Test Condition 


Clock pulse width 
High level 
teWH 
800 
ns 
Figure 37 


Low level 
teWl 
800 


Clock set-up time 
tesu 
500 


Data set-up time 
tsu 
300 


Data hold time 
toH 
300 


Mdelaytime 
tOM 
-1000 
1000 


Clock riseffall time 
tel 
200 


Item 


Power supply rise time 


Power supply off time 


Symbol 
Mln 


tree 
0.1 


foFF 
1 


Max 


10 


Test Condition 


Figure 38 


[Standard voltage version] 


Absolute Maximum Ratings· 


Item 
Symbol 
Unit 
Value 
Note 


Power supply voltage (1) 
Vcc 
V 
-0.3 to +7.0 
1 


Power supply voltage (2) 
Vcc-Vs 
V 
-0.3 to +7.0 
2 


Input voltage 
VI 
V 
-0.3 to Vcc +0.3 
1 


Operating temperature 
Topr 
·C 
-20 to +75 
3 


Storage temperature 
T81g 
·C 
-55 to +125 
4 


Note: If the LSI is used above these absolute maximum ratings. it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. Refer to the Electrical Characteristics Notes section following these tables. 


HD66702 


DC Characteristics 
(VCC = S V ±10%, Ta = -20 to +7soC·3) 


Item 
Symbol 
Mln 
'lYP 
Max 
Unit 
Test Condition 
Note.· 


Input high voltage (1) 
VIHl 
2.2 
Vcc 
V 
6, 17 
(except 
OSC1) 


Input low voltage (1) 
V1l1 
~.3 
0.6 
V 
6, 17 
(except OSC1) 


Input high voltage (2) 
V1H2 
Vcc-1.0 
Vcc 
V 
15 
(OSC1) 


Input low voltage (2) 
V112 
1.0 
V 
15 
(OSC1) 


Output 
high voltage (1) 
VOH1 
2.4 
V 
-IOH •• 0.205 mA 
7 
(DcrD7) 


Output 
low voltage (1) 
VOl1 
0.4 
V 
1oL. 1.6 mA 
7 
(Do~) 


Output 
high voltage (2) 
VOH2 
0.9Vee 
V 
-IOH • 0.04 mA 
8 
(except 
Dcr~) 


Output 
low voltage (2) 
VOl2 
0.1 Vcc 
V 
1oL. 0.04 mA 
8 
(exceptD~) 


Driver on resistance 
ReaM 
20 
kn 
±Id • 0.05 mA (COM) 
13 
(COM) 


Driver on resistance 
RSEG 
30 
kn 
±Id • 0.05 mA (SEG) 
13 
(SEG) 


Input leakage current 
III 
-1 
1 
1IA 
V1N•• Oto Vee 
9 


Pull-up MOS current 
-Ip 
50 
125 
250 
1IA 
Vcc.5 
V 
(RS, RIW) 


Power supply current 
Ice 
0.35 
0.60 
mA 
R, oscillation, 
10,14 
external clock 
Vee• 
5 V, fose - 270 kHz 


LCD voltage 
VlCD1 
3.0 
7.0 
V 
Vcc-Vs, 
1/5 bias 
16 


Vleo2 
3.0 
7.0 
V 
Vcc-Vs. 
1/4 bias 
16 


Note: 
• Refer to the Electrical 
Characteristics 
Notes section following 
these tables. 


AC Characteristics 
(VCC = S V ±10%, Ta = -20 to +7soC·3) 


Clock Characteristics 


Item 


External 
clock 
operation 


External 
clock frequency 


External clock duty 


External 
clock rise time 


External clock fall time 


Symbol 


fcp 


Duty 


Mln 


125 


45 


Typ 


270 


50 


Max 


410 


55 


0.2 


0.2 


Unit 
Test Condition 


kHz 


R, 
oscillation 


Note: 
• Refer to the Electrical 
Characteristics 
Notes section following 
these tables. 


J.lS 


J.lS 


kHz 


Notes· 


11 


11 


11 


11 


12 


HD66702 


Bus Timing Characteristics 


Write 
Operation 


Item 
Symbol 
Mln 
l'YP 
Max 
Unit 
Test Condition 


Enable cycle time 
'cycE 
1000 
ns 
Figure 35 


Enable pulse width (high level) 
PWEH 
450 


Enable riselfall time 
tEr' tEl 
25 


Address 
set-up time (RS. ANI to E) 
tAS 
40 


Address 
hold time 
tAH 
10 


Data set-up time 
tosw 
195 


Data hold time 
tH 
10 


Read Operation 


Item 
Symbol 
Mln 
l'YP 
Max 
Unit 
Test Condition 


Enable cycle time 
'cycE 
1000 
ns 
Figure 36 


Enable pulse width (high level) 
PWEH 
450 


Enable riselfall time 
tEr. tEl 
25 


Address 
set-up time (RS. ANI to E) 
tAS 
40 


Address 
hold time 
tAH 
10 


Data delay time 
toOR 
320 


Data hold time 
tOHR 
20 


Interface Timing Characteristics with External Driver 


Item 
Symbol 
Mln 
l'YP 
Max 
Unit 
Test Condition 


Clock pulse width 
High level 
teWH 
800 
ns 
Figure 37 


Low level 
teWL 
800 


Clock set-up time 
tesu 
500 


Data set-up time 
tsu 
300 


Data hold time 
toH 
300 


M delay time 
tOM 
-1000 
1000 


Clock riselfall time 
tel 
100 


Power Supply Conditions Using Internal Reset Circuit 


Item 
Symbol 
Mln 
l'YP 
Max 
Unit 
Test Condition 


Power supply 
rise time 
tree 
0.1 
10 
ms 
Figure 38 


Power supply off time 
toFF 
1 


Input pin 
Pin: E (MOS without pull-up) 


110 Pin 
Pins: DBo-DB7 
Vcc 
(MOS with pUll-up) 


(pull-up MOS) 
(input circuit) 


PMOS 


Output pin 
Pins: CL,. CL2• M. 0 


Output 
enable data 


6. 
Applies to input pins and I/O pins, excluding the OSC1 pin. 


7. 
Applies to I/O pins. 


8. 
Applies to output pins. 


9. 
Current flowing through pull-up 
MOSs, excluding output drive MOSs. 


10. Input/output 
current is excluded. 
When input is at an intennediate 
level with CMOS, the excessive 


current flows through the input circuit to the power supply. 
To avoid this from happening, 
the input 
level must be fixed high or low. 


~ 


I- 
-1 


0.7Vcc 
0.5 Vcc 
0.3 Vcc 


t rcp 
tlcp 


Duty •• T ThT 
x 100% 
h + 
I 


AI: 56 kil ± 2"10 
(when Vcc .3 
V) 
AI: 68 kil ± 2"10 
(when Vcc • 5 V) 


Since the oscillation 
frequency 
varies depending 
on the OSC1 
and 
OSC2 
pin capacitance, 
the wiring length to these pins should be minimized. 


VCC.5 
V 
Vcc ••3 V 


500 
500 


400 
400 


N 
N 
:J: 
:I: 
..>0: 
..>0: 
~ 
300 
~ 
300 
~ 
tJl 
0 
0 
- 
- 
200 
200 


100 
50 (68) 
100 
100 
150 
100 
150 


AI (kil) 
AI (kill 


HITACHI 
329 


13. ReOM is the resistance 
between 
the power 
supply 
pins 
(Vee• 
V I. V 4. V 5) and each common 
signal pin (COMI to COMI6). 


RSEG is the resistance between the power supply pins (V ce. 
V2. V3. V5) and each segment signal pin 
(SEGI to SEGloo). 


1.8 


1.6 


1.4 


1.2 
1 1.0 
8 
0.8 


0.6 


0.4 


0.2 


0.0 
o 


...••....•••. 


........- 
- 


..- -- 
f- 
.•. .---- 
.•..- 


1.8 


1.6 


1.4 


1.2 
<-§. 
1.0 
8 
0.8 


0.6 


0.4 


0.2 


0.0 
o 
- 
--- - 
- 


15. Applies to the OSCI pin. 


16. Each COM and SEG output Yoliage is within ±O.15 V of the LCD Yoliage (Vee• VI. V2• V3. V4. Vs) 
when there is no load. 


Test 
point 


Test 
point 
0 


152074 
diodes ® 


Test 
point 
0 


Figure 3S Write Operation 


RS 
V1H1 
V1H1 
VILl 
VILl 


tAS 
tAH 


RIW 
VIHl 
VIHl 


PWEH 
IAH 


lEt 


E 
VILl 


IE' 


IOOR 
IOHR 


DBa to DB7 
VOHl 
Valid 
data 
VOHl 
VOLl 
VOLl 


IcycE 


VOH2 
VOl2 


Notes: 
1. tOFF compensates 
for the power oscillation 
period caused 
by momentary 
power 
supply oscillations. 
2. 
Specified 
at 4.S V for S-Voperation, 
and at 2.7 V for 3-V operation. 
3. 
When the above condition 
cannot be satisfied, 
the internal reset circuit 
will not operate 
normally. 
In this case, the LSI must be initialized 
by software. 
(Refer to the Initializing 
by Instruction 
section.) 


HD66710 (LCD-II/F8) 
(Dot Matrix Liquid Crystal Display 
Controller/Driver) 
- Preliminary- 


Description 


The LCD-II/F8 
(HD66710) 
dot-matrix 
liquid 
crystal display controller and driver LSI displays 
alphanumerics, numbers, and symbols. It can be 
configured to drive a dot-matrix liquid crystal 
display 
under 
the control 
of a 4- or 8-bit 
microprocessor. Since all the functions such as 
display RAM, character generator, and liquid 
crystal driver, required for driving a dot-matrix 
liquid crystal display are internally provided on 
one chip, a minimum system can be interfaced 
with this controller/driver. 


A single LCD-II/F8 is capable of displaying a 
singlel6-character line, two 16-character lines, or 
up to four 8-character lines. 


The LCD-II/F8 software is upwardly compatible 
with the LCDII (HD44780) which allows the user 
to easily replace an LCD-II with an HD66710. In 
addition, the HD66710 is equipped with functions 
such as segment displays for icon marles,a 4-line 
display mode, and a horizontal smooth scroll, and 
thus supports various display forms. This achieves 
various display forms. The HD667IO character 
generator ROM is extended to generate 240 5 x 8 
dot characters. 


The low voltage version (2.7 V) of the HD66710, 
combined with a low power mode, is suitable for 
any portable battery-driven product requiring low 
power dissipation. 


5 x 8 dot matrix possible 
Low power operation support: 
- 
2.7 V to 5.5 V (low voltage) 


Booster for liquid crystal voltage 
- 
1\vo/three times (13 V max.) 
Wide range of liquid crystal display driver 
voltage 
- 
3.0 V to 13 V 
Extension driver interface 
High-speed MPU bus interface 
(2 MHz at 5-V operation) 
• 
4-bit or 8-bit MPU interface capability 
80 x 8-bit display RAM (SOcharacters max.) 
9,600-bit character generator ROM 
- 
240 characters (5 x 8 dot) 
64 x 8-bit character generator RAM 
- 
8 characters (5 x 8 dot) 
8 x 8-bit segment RAM 
- 
4O-segmenticon mark 
33-common 
x 40-segment 
liquid 
crystal 
display driver 
• 
Programmable duty cycle 
(See list 1) 
Wide range of instruction functions: 
- 
Functions 
compatible 
with 
LCD-II: 


Display clear, cursor home, display on/off, 
cursor on/off, display character 
blink, 
cursor shift, display shift 
- 
Additional functions: Icon mark control, 4- 
line display, horizontal smooth scroll, 6-dot 
character 
width control, 
white-black 
inverting blinking cursor. 


Software upwardly compatible with HD44780. 
Automatic reset circuit that initializes 
the 
controller/driver after power on 
Internal oscillator with an external resistor 
Low power consumption 


Number of 
Displayed 
Maximum Number of Displayed Character. 


Lines 
Duty RatIo 
Character 
Single-chip Operation 
With Extentlon Driver 


1/17 
5 x 8-dot 
One 16-charaeter 
One 50-charaeter 
line + 40 segments 
line + 40 segments 


2 
1/33 
5 x 8-dot 
Two 16-character 
Two 30-character 
lines + 40 segments 
lines + 40 segments 


4 
1/33 
5 x 8-dot 
Four 8-character 
Four 20-character 
lines + 40 segments 
lines + 40 segments 


Ordering Information 


Type No. 
Package 


HD66710···FS 
100-pin plastic QFP (FP-100A) 


HCD66710··· 
Chip 


Note: ••• = ROM code No. 
• 


HD66710 


LCD-II Family Comparison 


LCD-II 
LCD-IIIE20 
LCD-II/F8 


Item 
(HD44780U) 
(HD66702) 
(HD66710) 


Power supply voltage 
2.7Vto 
5.5 V 
5 V±10% 
2.7 Vt05.5 
V 
(standard) 


2.7Vto5.5 
V 
(low voltage) 


Liquid crystal drive 
3.0 Vto 
11 V 
3.0 Vto 
7.0 V 
3.0 V to 13.0 V 
voltage 
VlCD 


Maximum 
display 
8 characters 
20 characters 
16 characters 
x 2 lines/ 
digits per chip 
x2lines 
x 2 lines 
8 characters 
x 4 lines 


Segment 
display 
None 
None 
40 segments 


Display duty cycle 
1/8,1/11, 
and 1/16 
118,1/11, and 1/16 
1/17 and 1/33 


CGROM 
9,920 bits 
7,200 bits 
9,600 bits 
(208: 5 x 8 dot 
(160: 5 x 7 dot 
(240: 5 x 8 dot 
characters 
and 
characters 
and 
characters) 
32: 5 x 10 dot 
32:5 
x 10 dot 
characters) 
characters) 


CGRAM 
64 bytes 
64 bytes 
64 bytes 


DDRAM 
80 bytes 
80 bytes 
80 bytes 


SEGRAM 
None 
None 
8 bytes 


Segment 
signals 
40 
100 
40 


Common 
signals 
16 
16 
33 


Liquid crystal drive waveform 
A 
B 
B 


Bleeder 
resistor for LCD 
External 
External 
External 
power supply 
(adjustable) 
(adjustable) 
(adjustable) 


Clock source 
External 
resistor, 
External 
resistor or 
External 
resistor or 
or external clock 
external clock 
external 
clock 


R1 oscillation 
frequency 
270 kHz±30% 
320 kHz±30% 
270 kHz±30% 
(frame frequency) 
(59 to 110Hz 
for 1/8 
(70 to 130 Hz for 1/8 
(56 to 103 Hz for 1/17 
and 1/16 duty cycles; 
and 1/16 duty cycles; 
duty cycle; 
43 to 80 Hz for 1/11 
51 to 95 Hz for 1/11 
57 to 106 Hz for 1/33 
duty cycle) 
duty cycle) 
duty cycle) 


RI resistance 
91 kn (5-V operation) 
68 kn (5-V operation) 
91 kn (5-V operation) 
75 kn (3-Voperation) 
56 kn (3-V operation) 
75 kn (3-V operation) 


Liquid crystal voltage 
None 
None 
2-3 times step-up circuit 
booster circuit 


LCD-II Family Comparison 
(cont) 


LCD-II 
LCD·II/E20 
LCD-II/F8 
Item 
(HD44780U) 
(HD66702) 
(HD66710) 


Extention 
driver 
Independent 
Independent 
Used in common 
with a 
control signal 
control signal 
control signal 
driver output pin 


Instructions 
LCD-II (HD447S0) 
Fully compatible 
with 
Upper compatible 
with 
the LCD-II 
the LCD-II 


Number of displayed 
1 or 2 
1 or 2 
1,2, 
or 4 
lines 


Low power 
mode 
None 
None 
Available 


Horizontal 
scroll 
Character 
unit 
Character 
unit 
Dot unit 


CPU bus timing 
2 MHz (5-V operation) 
1 MHz 
2 MHz (5-V operation) 
1 MHz (3-V operation) 
1 MHz (3-V operation) 


Package 
OFP1420-80 
LOFP2020-144 
OFP1420-100 
SO-pin bare chip 
144-pin bare chip 
100-pin bare chip 


Input! 
output 
buller 


Character 
go••••• or ROM 


(CGROM) 
a.600byloo 


Segment 


RAM 


(SGRAM) 
8by1oo 


Charec:ter 
__ 
RAM 


(CGRAM) 
64 byloo 


eursorand 
bIIng- 


SEG27 
SEG28 
SEG29 
SEG30 
SEG31 
SEG32 
SEG33 
SEG34 
SEG35 
SEG36 
SEG37/CL1 
SEG38/CL2 


SEG39/D 
SEG401M 
COM9 
COM10 
COM11 
COM12 
COM13 
COM14 
COM15 
COM16 
COM25 
COM26 
COM27 
COM28 
COM29 
COM3O 
C0M31 
COM32 


1 
~ 
2 
~ 
3 
~ 
4 
n 
5 
~ 
6 
~ 
7 
~ 
8 
~ 
9 
n 
10 
71 
11 
70 
12 
69 
13 
68 
14 
67 
15 
LCD-IIIF8 
66 


16 
65 
17 
64 
18 
63 
19 
62 
ro 
~ 
21 
60 
~ 
W 
~ 
~ 
~ 
~ 
25 
56 
26 
~ 
V 
M 
28 
53 
29 
52 


30 
3132333435363738 
39 40 41 42434445464748495051 


SEG6 
SEG5 
SEG4 
SEG3 
SEG2 
SEG1 


VCC 
TEST 


EXT 


DB7 


DB6 
DBS 


DB4 


DB3 


DB2 


DB1 
DBO 
E 
RiW 
RS 
OSC2 
OSC1 


Vci 
C2 
C1 


GND 
VSOUT2 
VSOUT3 


V5 
V4 


Chip size (X xV): 
5.63 mm x 6.06 mm 
Coordinate 
: Pad center 
Origin 
: Chip center 
Pad size (XxV) 
: 100 IJm x 100 IJm 


1 
100 
81 
80 


2 
000000000000000000 
79 
0 
I 
0 
0 
,/ 
0 
0 
Type code 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


V 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
29 
52 
000000000000000000 


30 
31 
X 
50 
51 


HD66710 


HD66710 Pad Location Coordinates 


PIn No. 
Pad Name 
X 
Y 
Pin No. 
Pad Name 
X 
Y 
1 
SEG27 
-2495 
2910 
51 
V4 
2458 
-2910 
2 
SEG28 
-2695 
2730 
52 
V5 
2660 
-2731 
3 
SEG29 
-2695 
2499 
53 
V50UT3 
2660 
-2500 
4 
SEG30 
-2695 
2300 
54 
V50UT2 
2660 
-2300 
5 
SEG31 
-2695 
2100 
55 
GND 
2640 
-2090 
6 
SEG32 
-2695 
1901 
56 
C1 
2650 
-1887 
7 
SEG33 
-2695 
1698 
57 
C2 
2675 
-1702 
8 
SEG34 
-2695 
1498 
58 
Vci 
2675 
-1502 
9 
SEG35 
-2695 
1295 
59 
OSC1 
2675 
-1303 
10 
SEG36 
-2695 
1099 
60 
OSC2 
2675 
-1103 
11 
SEG37 
-2695 
900 
61 
RS 
2675 
-900 
12 
SEG38 
-2695 
700 
62 
RIW 
2675 
-701 
13 
SEG39 
-2695 
501 
63 
E 
2675 
-501 
14 
SEG40 
-2695 
301 
64 
DBO 
2675 
-302 
15 
COM9 
-2695 
98 
65 
DB1 
2675 
-99 
16 
COM10 
-2695 
-113 
66 
DB2 
2675 
98 
17 
COM11 
-2695 
-302 
67 
DB3 
2675 
301 
18 
COM12 
-2695 
-501 
68 
DB4 
2675 
501 
19 
COM13 
-2695 
-701 
69 
DB5 
2675 
700 
20 
COM14 
-2695 
-900 
70 
DB6 
2675 
900 
21 
COM15 
-2695 
-1100 
71 
DB7 
2675 
1099 
22 
COM16 
-2695 
-1303 
72 
EXT 
2675 
1299 
23 
COM25 
-2695 
-1502 
73 
TEST 
2675 
1502 
24 
COM26 
-2695 
-1702 
74 
Vcc 
2695 
1698 
25 
COM27 
-2695 
-1901 
75 
SEG1 
2695 
1901 
26 
COM28 
-2695 
-2101 
76 
SEG2 
2695 
2104 
27 
COM29 
-2695 
-2300 
77 
SEG3 
2695 
2300 
28 
COM30 
-2695 
-2500 
78 
SEG4 
2695 
2503 
29 
COM31 
-2695 
-2731 
79 
SEG5 
2695 
2730 
30 
COM32 
-2495 
-2910 
80 
SEG6 
2495 
2910 
31 
COM24 
-2051 
-2910 
81 
SEG7 
2049 
2910 
32 
COM23 
-1701 
-2910 
82 
SEGS 
1699 
2910 
33 
COM22 
-1498 
-2910 
83 
SEG9 
1499 
2910 
34 
COM21 
-1302 
-2910 
84 
SEG10 
1300 
2910 
35 
COM20 
-1102 
-2910 
85 
SEG11 
1100 
2910 
36 
COM19 
-899 
-2910 
86 
SEG12 
901 
2910 
37 
COM18 
-700 
-2910 
87 
SEG13 
701 
2910 
38 
COM17 
-500 
-2910 
88 
SEG14 
502 
2910 
39 
COM8 
-301 
-2910 
89 
SEG15 
299 
2910 
40 
COM7 
-101 
-2910 
90 
SEG16 
99 
2910 
41 
COM6 
99 
-2910 
91 
SEG17 
-101 
2910 
42 
COM5 
302 
-2910 
92 
SEG18 
-301 
2910 
43 
COM4 
502 
-2910 
93 
SEG19 
-500 
2910 
44 
COM3 
698 
-2910 
94 
SEG20 
-700 
2910 
45 
COM2 
887 
-2910 
95 
SEG21 
-899 
2910 
46 
COM1 
1077 
-2910 
96 
SEG22 
-1099 
2910 
47 
COM33 
1266 
-2910 
97 
SEG23 
-1302 
2910 
48 
V1 
1488 
-2910 
98 
SEG24 
-1501 
2910 
49 
V2 
1710 
-2910 
99 
SEG25 
-1701 
2910 
50 
V3 
2063 
-2910 
100 
SEG26 
-2051 
2910 
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Pin Functions 


Table 1 Pin Functional Description 


Device 


Signal 
110 
Interfaced 
with 
Function 


RS 
I 
MPU 
Selects 
registers. 
0: Instruction 
register 
(for write) 
Busy flag: address counter 
(for read) 
1: Data register (for write and read) 


MPU 
Selects 
read or write. 
0: Write 
1: Read 


E 
I 
MPU 
Starts data readlWrite 


OB4to 
OB7 
I/O 
MPU 
Four high order bidirectional 
tristate 
data bus pins. 
Used 
for data transfer 
between 
the MPU and the H066710. 


OB7 can be used as a busy flag. 


OBOto OB3 
I/O 
MPU 
Four low order bidirectional 
tristate 
data bus pins. 
Used 
for data transfer 
between 
the MPU and the H06671 o. 


These pins are not used dUring 4-bit operation. 


COM1 to COM33 
0 
LCD 
Common 
signals; those are not used become 
non- 
selected 
waveforms. 
At 1/17 duty rate, COM1 to 
COM16 
are used for character 
display, COM17 for icon 
display, and COM18 to COM33 
become 
non-selected 
waveforms. 
At 1/33 duty rate, COM1 to COM32 
are 
used for character 
display, and COM33 for icon display. 


SEG1 to SEG35 
0 
LCD 
Segment 
signals 


SEG36 
0 
LCD 
Segment 
signal. 
When EXT •• high, the same data as 
that of the first dot of the extension 
driver is output. 


SEG37/CL1 
0 
LCOI 
Segment 
signal when EXT •• low. When EXT •• high, 
Extension 
driver 
outputs the extension 
driver latch pulse. 


SEG38/CL2 
0 
LCOI 
Segment 
signal when EXT •• low. When EXT •• high, 
Extension 
driver 
outputs the extension 
driver shift clock. 


SEG3910 
0 
LCOI 
Segment 
signal at EXT •• low. At EXT •• high, the 
Extension 
driver 
extension 
driver data. 
Data on and after the 36th 
dot is output. 


SEG401M 
0 
LCOI 
Segment 
signal when EXT •• low. When EXT •• high, 
Extension 
driver 
outputs the extension 
driver AC signal. 


EXT 
Extension 
driver enable signal. 
When EXT •• high, 
SEG37 to SEG40 become 
extension 
driver interface 
signals. 
At this time, make sure that V5 level is lower 
than GNO level (0 V). V5 (low) s GNO (high). 


V1 to V5 
Power supply 
Power supply for LCD drive 
Vcc - V5 •• 13 V (max) 


Table 1 
Pin Functional 
Description 
(cont) 


Device 
Interfaced 
with 
Signal 


Vcc, GND 


OSC1,OSC2 


Power supply 


Oscillation 
resistor 
clock 


V5 pin! 
Booster 
capacitance 


V5pin 


Function 


Vcc: +2.7 V to 5.5 V, GND: 0 V 


When CR oscillation 
is performed, 
a resistor 
must 
be connected 
externally. 
When the pin input is an 
external clock, it must be input to OSC1. 


Input voltage to the booster, from which the liquid crystal 
display drive voltage 
is generated. 
Vci: 2.5 V to 4.5 V 


Voltage input to the Vci pin is boosted twice and output 
When the voltage 
is boosted three times, the same 
capacity 
as that of C1-G2 
should be connected. 


Voltage input to the Vci pin is boosted 
three times and 
output. 


External capacitance 
should be connected 
when using 
the booster. 


Test pin. 
Should be wired to ground. 


Booster 
capacitance 


The HD66710 
has two 8-bit 
registers, 
an 
instruction register (IR) and a data register (DR). 


The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
the display data RAM (DD RAM), the character 
generator RAM (CG RAM), and the segment 
RAM (SEG RAM). The MPU can only write to 
IR, and cannot be read from. 


The DR temporarily stores data to be written into 
DD RAM, CG RAM, or SEG RAM. Data written 
into the DR from the MPU is automatically written 
into DD RAM, CG RAM, or SEG RAM by an 
internal operation. The DR is also used for data 
storage 
when reading 
data from DD RAM, 
CG RAM, or SEG RAM. 
When address infor- 
mation is written into the IR, data is read and then 
stored into the DR from DD RAM, CG RAM, or 
SEG RAM by an internal operation. Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM, CG RAM, or SEGRAM at the next address 
is sent to the DR for the next read from the MPU. 


By the register selector (RS) signal, these two 
registers can be selected (table 2). 


When the busy flag is 1, the HD66710 is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = 0 and R/W = 1 
(table 2), the busy flag is output from DB7• The 
next instruction must be written after ensuring that 
the busy flag is O. 


Address Counter (AC) 


The address counter (AC) assigns addresses to 
DD RAM, CG RAM, or SEG RAM. 
When an 
address of an instruction is written into the IR, the 
address information is sent from the IR to the AC. 
Selection of DD RAM, CG RAM, and SEG RAM 
is also determined concurrently by the instruction. 


After writing into (reading 
from) DD RAM, 
CG RAM, or SEG RAM, the AC is automatically 
incremented by 1 (decremented by 1). The AC 
contents are then output to DBo to DB6 when 
RS = 0 and R/W = 1 (table 2). 


RS 
RIW 


0 
0 


0 
1 


1 
0 


1 


Table 2 Register Selection 


Operation 


IR write as an internal operation 
(display clear, etc.) 


Read busy flag (D87) and address counter 
(D80 to 086) 


DR write as an internal operation 
(DR to DD RAM, CG RAM, or SEGRAM) 


DR read as an internal operation 
(DD RAM, CG RAM, or SEGRAM 
to DR) 


Display Data RAM (DD RAM) 


Display data RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its capacity is 
80 x 8 bits, or 80 characters. The area in display 
data RAM (DD RAM) that is not used for display 
can be used as general data RAM. See figure I for 
the relationships between DD RAM addresses and 
positions on the liquid crystal display. 


The DD RAM address (ADD)is set in the address 
counter (AC) as hexadecimal. 


- 
Case 1: When there are fewer than 80 
display characters, the display begins at the 
head position. For example, if using only 
the HD66710, 16 characters are displayed. 
See figure 3. 


HD66710 


When 
the display 
shift 
operation 
is 
performed, the DD RAM address shifts. 
See figure 3. 


- 
Case 2: Figure 4 shows the case where the 
EXT pin is fixed high, and the HD66710 
and the 4O-outputextension driver are used 
to extend the number of display characters. 
In this case, the start address from COM9 
to COM16 of the LCD-IIIF8 
is OAH. 
To display 24 characters, addresses starting 
at SEG11should be used. 


When 
a display 
shift 
operation 
is 
performed, the DD RAM address shifts. 
See figure 4. 


High order 
Low order 
I---bits 
-I" 
bits----j 


AC 
~ 
(hexadecimal)~ 


Display position 
(digit) 
2 
3 
4 
5 
79 
80 
~~~~~ ~=.=.=.=. 
=..=.=.=. 
=..=.=.=. 
=..=.=.=~ 
(hexadecimal) 


1 2 3 4 5 6 7 
8 
COM1t08~ 


9 10111213141516 
••• 
Display position 


~ 
COM9t016 
~ 
DRAM address 


1 2 3 4 5 6 7 8 
910111213141516 
COM1t08~ 
~ 
COM9t016(leftshiftdisplay) 


COM1 to 8 ~ 
~ 
COM9 to 16 (Right shift display) 


123456789101112 


COMlt08~ 


LCD-II/F8 
Extension 
SEG1 to 35 
driver (1) 
Sagl to 25 


1 2 3 4 5 6 7 
8 9101112 


COMlto8~ 


1314151617 
18192021222324..-- 
Display position 


~~toI6 


LCD-II/F8 
Extension 
DDRAM address 


SEGll 
to 35 
driver (1) 
(SEGI to 10: skip) 
Segl to 35 


1314151617 
18192021222324 


~ 
COM9to 16 (Lelt shift display) 


COMI t08~ 
~ 
COM9to 16 (Right shilt display) 


HD66710 


- 
Case 1: The first line is displayed from 
COMI to COMI6, and the second line is 
displayed from COM1? to C0M32. Care is 
required because the end address of the 
rust line and the start address of the second 


line are not consecutive. For example, the 
case is shown in figure 6 where 16 x 2-line 
display is performed using the HD66710. 
When 
a 
display 
shift 
operation 
is 
performed, the DD RAM address shifts. 
See figure 5. 


1 2 3 456 
7 8 


COM1t08~ 


COM17t024~ 


COM1 to 8 -EE:E:EEEEEl 


COM17t024~ 


COM1 to 8--EE:EEEEEEl 


COM17t024~ 


9 10111213141516 
04 
Display position 
~COM9t016 


~COM25t032 


~ 
DDRAM address 


~COM9t016 
~ 
(left shift display) 
~COM25t032 


~COM9t016 
~ 
(Right shift display) 
~COM25t032 


- 
Case 2: Figure 6 shows the case where the 
EXT pin is fixed to high, the HD66710 and 
the 40-output extension driver are used to 
extend the number of display characters. 


In this case, the start address from COM9 
to COM16 of the HD66710 is OAH, and 
that from COM25 
to COM32 of the 


HD66710 is 4AH. To display 24 char- 
acters, the addresses starting at SEG 11 
should be used. 


When a display shift operation is per- 
formed, the DD RAM address shifts. See 
figure 6. 


1 2 
3 
4 
5 
6 
7 
8 
9101112 
1314151617 
18192021222324""'-- 
Display position 


~~~to~ 
~~t~g~~6a~ress 


LCD-IIIF8 
Extension 
LCD-IVF8 
EXlllnsion 
SEG1 toSEG35 
driver (1) 
SEG11 toSEG35 
drilier(l) 
Seg1 to S0925 
(SEG1 to SEG10: 
S091 to Seg35 
skip) 


1 
2345 
67 
89101112 
COM1to~ 
COM8~ 
COM17 t 
COM24~ 


1314151617 
18192021222324 


~~~~6to 
~COM25to 
~COM32 


~~~~to-EEEEEEErEEEE8 
COM17t~ 
COM24~ 


~COM9to 
~COM16 
~COM25to 
~COM32 


because the DD RAM addresses of each 
line are not consecutive. For example, the 
case is shown in figure 7 where 8 x 4-line 
display is perfonned using the HD66710. 
- 
Case 1: The nrst line is displayed from 
COMI 
to COMS, the second 
line is 
displayed 
from COM9 to COM16, the 
third line is displayed from COM17 to 
COM24, and the fourth line is displayed 
from C0M25 to C0M32. Care is required 


When 
a 
display 
shift 
operation 
is 
performed. the DD RAM address shifts. 
See figure 7. 


1 2 3 4 5 6 7 8" 
Display position 


COM1 to 8 EEEEEE.EEl ~ 
COM9t016 
~ 
_ 


DDRAM 
address 
COM17 to 24 ~ 
--- 


COM25 to 32 EEEEE:EEE] ....--- 


12345678 


COM1t08~ 


COM9t016~ 


COM17t024~ 


COM25t032~ 


12345678 
EEEEEEEG 


~ 
EEEEEEEEl 


~ 


Case 2: The case is shown in figure where 
the EXT pin is fixed 
high, 
and the 
HD66710 and the 40-output 
extension 
driver are used to extend the number of 
display characters. 


When 
a display 
shift 
operation 
is 
performed, the DD RAM address shifts. 
See figure 8. 


- 
00 01 
0203 
•••••• 
07 
•• ...... 08 
OC 00 
oE OF 10 
11 12 13 


eo- 
20 21 22 23 24 2!528 
27 28 2921. 
282C 
20 
2E 2F 
30 
31 
3233 


1- ••••• •• 
03 
44 
<65 45 
•• 
4& ot 
••• 
48 
.•C 40 4E OF 50 
"152 
•• 


OORAM address 
COM17 to 24 
-- 
COM25t032_~ 


O' 
02 
03 
•• •••• 07 
•• ...... 08 
OC 00 
oE 
OF 
I. 
11 
12 
13 
00 


21 
22 
23 24 
2. 
20 
27 28 2921. 
282C 
20 
2E 2F30 
3132 
3320 


01 
•• •••• 45 
45 
47 48 
49 .•A 4B 
4C 40 
••E of 
50 
" 
52 •• 
40 


01 
02 •••• O. 
50 
07 
50 MM 
OBOC 
00 
OE SF 
70 
71 
72 
73 50 


13 00 01 0203 
•••• •• 
07 •••• •••• 08 
OC 00 
oEOF 
to 
11 
12 


332021 
2223 
24 •• 2027 
2129 
21. 28 
2C20 
2E 2F 
30 31 32 


53 
.ao 
41 
42 .3 
•• 
O. 
4&" 
4& ot 
4A 48 4C .•0 
4E 
." 
50 
51 
52 


7300 
01 
02 •••• •••• 07 
50 
Ot 
••• 
OBOC OOOE 
OF 70 
7172 


The character generator ROM generates 5 x 8 dot 
character patterns from 8-bit character codes 
(table 3). It can generate 240 5 x 8 dot character 
patterns. User-defined character patterns are also 
available using a mask-programmed ROM. 


The character generator RAM allows the user to 
redefine the character patterns. In the case of 5 x 8 
characters, up to eight may be redefined. 


Write the character codes at the addresses shown 
as the left column of table 3 to show the character 
patterns stored in CG RAM. 


See table 5 for the relationship between CG RAM 
addresses and data and display patterns. 


The segment RAM (SEG RAM) is used to enable 
control of segments such as an icon and a mark by 
the user program. 


For a I-line display, SEG RAM is read from the 
COMI7 output, and as for 2- or 4-line displays, it 
is from 
the 
COM33 
output, 
to performs 


40-segment display. 


As shown 
in table 
6, bits 
in SEG RAM 


corresponding to segments to be displayed are 
directly set by the MPU, regardless of the contents 
of DD RAM and CG RAM. 


SEG RAM data is stored in eight bits. The lower 
six bits control the display of each segment, and 
the upper two bits control segment blinking. 


Modifying Character Patterns 


The following 
operations 
correspond 
to the 
numbers listed in figure 9: 


1. Determine 
the correspondence 
between 
character codes and character patterns. 


2. Create a listing indicating the correspondence 
between EPROM addresses and data. 


3. Program 
the character 
patterns 
into an 
EPROM. 


5. Computer 
processing 
of the EPROM 
is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 


6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI will proceed at Hitachi. 


Determine 
character 
patterns 


Table 3 Correspondence between Character Codes and Character Patterns (Hitachi standard 
8D66710) 


•- 
ססoo 
0001 
0010 
0011 
•••• 
CG 


xxXXOOOO 
RAM 
(1) 


xxXXOOO1 
(2) 


xxxxOO10 
(3) 


xxxXOO11 
(4) 


xxxx0100 
(5) 


xxxx0101 
(6) 


xxxx0110 
(7) 


xxXX0111 
(8) 


xxxx1000 
(1 ) 


xxxx1001 
(2) 


xxxx1010 
(3) 


xxxx1011 
(4) 


xxxx1100 
(5) 


xxxx1101 
(6) 


xxxx1110 
(7) 


xxxx1111 
(8) 


This section explains 
the correspondence 
between addresses and data used to program 
character patterns in EPROM. The HD66710 
character generator ROM can generate 240 
5 x 8 dot character patterns. 


EPROM address data and character pattern 
data correspond with each other to form a 
5 x 8 dot character pattern (table 4). 


Table 4 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 x 8 dots) 


EPROM Address 
MSB 
Data 
LSB 


All 
Al0 Ag 
As 
A7 
A6 
As 
A4: A3: 
A2 
Al 
Ao 
0403 
02 0100 
, 
, 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
" 
A.-A 
/ 


Character 
code 
110" 
Line position 


Notes: 
1. EPROM 
addresses 
All 
to A4 correspond 
to a character 
code. 
2. 
EPROM 
addresses 
A2 to Ao specify a line position of the character 
pattern. 
EPROM 
address 
A3 should be set to O. 
3. 
EPROM data 04 to 00 correspond 
to character 
pattern data. 
4. 
Area which are lit (indicated 
by shading) 
are stored as 1, and unlit are as O. 


5. 
The eighth line is also stored in the CGROM, 
and should also be programmed. 
If the eighth line 
is used for a cursor, this data should all be set to zero. 
6. 
EPROM data bits 07 to Os are invalid. 
0 should be written in all bits. 


- 
Handling unused character patterns 


1. EPROM 
data 
outside 
the 
character 
pattern 
area: 
This 
is ignored 
by the 
character 
generator 
ROM 
for display 
opemtion so any data is acceptable. 


i. 
When unused 
character 
patterns 
are not 
programmed: 
If an unused character code 
is written into DD RAM, all its dots are lit, 
because the EPROM is filled with Is after 
it is emsed. 


2. 
EPROM 
data in CG RAM area: 
Always 
fill with zeros. (EPROM 
addresses OOHto 
FFH.) 


n. When 
unused 
character 
patterns 
are 
programmed 
as Os: Nothing 
is displayed 
even if unused chamcter 
codes are written 
into DD RAM. 
(This 
is equivalent 
to a 
space.) 
3. 
Treatment 
of unused 
user patterns 
in the 
HD66710 
EPROM: 
According to the user 
application, 
these are handled in either of 
two ways: 


Table 5 
Example 
of Correspondence 
between 
Character 
Code and Character 
Pattern 
(5 x 8 dots) 
inCGRAM 


a) When character 
pattern in 5 x 8 dots 


Character code (OORAMdata) 
CGRAMaddress 
MSB 
CGRAMdata 
LSB 
D7 D6 D5 04 
D3 D2 01 00 
As A4 A3: A2 A1 Ao 
07 06 05 04 03 02 01 00 


0 
0 
0 
0 
• 
0 
0 
0 
0 
0 
0 
0 
0 
0 
• • • 


j 
j 


0 
0 
1 


j 


0 
1 
0 
0 
1 
1 
Character 


1 
0 
0 
pattern 


1 
0 
1 
(1) 


1 
1 
0 
1 
1 
1 


0 
0 
0 
0 
• 
0 
0 
0 
• • • 


j 
I 


0 
0 
1 


j 


0 
1 
0 
0 
1 
1 
Character 
1 
0 
0 
pattern 
1 
0 
1 
(8) 
1 
1 
0 
1 
1 
1 


Table 5 Example or Correspondence between Character Code and Character Pattern (5 x 8 dots) 
in CGRAM (cont) 


b) When character 
pattern is 6 x 8 dots 


Character code (OORAM data) 
CGRAM address 
MSB 
CGRAMdala 
LSB 
D7 Os Os D4 D3 D2 01 
Do 
As 
A4 A3: 
A2 Al 
AD 
07 06 Os 04 03 02 01 00 


o 
0 
0 
0 
• 
0 
0 
0 
0 
0 
0: 
0 
0 
0 
* 
• 
0 


j 
j 


0 
0 
1 
I 


0 
0 
1 
0 
0 
Character 
0 
1 
1 
0 
patlBm 
1 
0 
0 
0 
(1) 
1 
0 
1 
0 
1 
1 
0 
0 
1 
1 
1 
0 


o 
0 
0 
0 
• 
0 
0 
0 
• • 
0 


j 
j 


0 
0 
1 


j 


0 
0 
1 
0 
0 
0 
1 
1 
0 
Character 


1 
0 
0 
0 
pattem 


1 
0 
1 
0 
(8) 


1 
1 
0 
0 
1 
1 
1 
0 


Notes: 
1. Character 
code bits 0 to 2 correspond 
to CGRAM 
address bits 3 to 5 (3 bits: 8 types). 


2. CGRAM 
address 
bits 0 to 2 designate 
the character 
pattern line position. 
The 8th line is the 
cursor position 
and its display is formed by a logical OR with the cursor. 


3. 
The character 
data is stored with the rightmost 
character 
element 
in bit 0, as shown in table 5. 
Characters 
with 5 dots in width (FW • 0) are stored in bits 0 to 4, and characters 
with 6 dots in 
width (FW • 1) are stored in bits 0 to 5. 


4. When the upper four bits (bits 7 to 4) of the character 
code are 0, CGRAM 
is selected. 


Bit 3 of the character 
code is invalid (*). Therefore, 
for example, 
the character 
codes 00 
(hexadecimal) 
and 08 (hexadecimal) 
correspond 
to the same CGRAM 
address. 
5. 
A set bit in the CGRAM 
data corresponds 
to display selection, 
and 0 to non-selection. 
6. When the BE bit of the function 
set register is 1, pattern blinking control of the lower six bits is 
controlled 
using the upper two bits (bits 7 and 6) in CGRAM. 
When bit 7 is 1, of the lower six bits, only those which are set are blinked on the display. 
When bit 6 is 1, a bit 4 pattern can be blinked as for a 5-dot font width, and a bit 5 pattern can 
be blinked 
as for a 6-dot font width. 
* Indicates 
no effect. 


8EGRAM 
8EGRAM data 
address 
a) 5-dot font width 
b) 6-dot font width 
A2 A1 Ao 
D7 De Os 
D4 D3 D2 01 Do 
D7 De 
Os 
D4 D3 D2 01 
Do 


0 
0 
0 
B1 BO • 
81 82 83 84 85 
B1 BO 81 82 83 84 
85 
86 
-------------- 
----------- ------------------------- ------------------------------- -- --- 


0 
0 
1 
B1 BO· 
86 87 88 89 810 
B1 BO 878889810811812 
--.-.--------- 
----------- ------------------ ------- - --- .----- ------ .-.--- --- .-.-------- 
0 
1 
0 
B1 BO • 
811812813814815 
B1 BO 813814815816817818 
-------------- 
-------- --.--- -.---- --- --- --- --- ---- 
- --- --- --- ------------ 
--- --- --- ----- 
0 
1 
1 
B1 BO • 
816817818819820 
B1 BO 819820821822823824 
---------.---- 
---.-----.-------------------------- ---- ------ --- --------- 
--- ------ --.-- 


1 
0 
0 
B1 BO • 
821822823824825 
B1 BO 825826827828829830 
-------------- 
-------------------------- ---------- ---- --------- --- ------ .----- --- ----- 


1 
0 
1 
B1 BO· 
826827828829830 
B1 BO 831832833834835836 
-------------- 
----- --- ------ --- --- ---- -- --- -- ----- - --- --- --- --- .---.- --- .----- --- -- --- 
1 
1 
0 
B1 BO • 
831832833834835 
B1 Bo 837838839840841842 
-------------- 
----- --- - -- --------- -- ---~- --~-- - --- - ------ ------ ------ --- --- --- -------- 
1 
1 
1 
B1 BO • 
836837838839840 
B1 BO 843844845846847848 


Notes: 1. Data set to 8EGRAM is output when COM17 is selected, as for a 1-line display, and output 
when COM33 is selected, as for a 2-line or a 4-line display. 
2. 81 to 848 are pin numbers of the segment output driver. 
81 is positioned to the left of the monitor. 
837 to 848 are extension driver outputs for a 6-dot character width. 


3. After 840 output at 5-dot font and 848 output at 6·dot font, 81 output is repeated again. 
4. As for a 5-dot font width, lower five bits (04 to DO)are display on.off information of each 
segment. For a 6-dot character width, the lower six bits (05 to DO)are the display information 
for each segment. 


5. When the BE bit of the function set register is 1, pattern blinking of the lower six bits is 
controlled using the upper two bits (bits 7 and 6) in 8EGRAM. 
When bit 7 is 1, only a bit set to "1" of the lower six bits is blinked on the display. 
When bit 6 is 1, only a bit 4 pattern can be blinked as for a 5-dot font width, and only a bit 5 
pattern can be blinked as for 6-dot font width. 


6. Bit 5 (05) is invalid for a 5-dot font width. 
7. 8et bits in the CGRAM data correspond to display selection, and zeros to non-selection. 
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ii) 6-dot font width (FW - 1) 
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Timing Generation Circuit 


The timing generation circuit generates timing 
signals for the operation of internal circuits such as 
DD RAM, CG ROM, CG RAM, and SEGRAM. 
RAM read timing 
for display 
and internal 
operation timing by MPU access are generated 
separately to avoid interfering with each other. 
Therefore, when writing data to DD RAM, for 
example, 
there 
will 
be 
no 
undesirable 
interferences, such as flickering, in areas other 
than the display area. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 
33 common signal drivers and 40 segment signal 
drivers. When the character font and number of 
lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal drivers 
continue to output non-selection waveforms. 


Character pattern data is sent serially through a 


40-bit shift register and latched when all needed 
data has arrived. The latched data then enables the 
driver to generate drive waveform outputs. 


Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal 
shift register, 
the 
HD66710 drives from the head display. 


Cursor/Blink Control Circuit 


The cursorlblink (or white-black inversion) control 
is used to produce a cursor or a flashing area on 
the display at a position corresponding 
to the 
location in stored in the address counter (AC). 


For example (figure 11),when the address counter 
is OSH, a cursor 
is displayed 
at a position 
corresponding to DDRAM address OSH. 


For a 1-line display 


Display 
position 


DO RAM address 
{ 
(hexadecimal) 


Display 
position 


DO RAM address 
{ 
(hexadecimal) 


00 
01 
02 
03 
04 
05 
06 
07 
~ 
09 
OA 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 


./ 


Note: 
Even if the address 
counter 
(AC) points to an address 
in the character 
generator 
RAM (CGRAM) 
or 
segment 
RAM (SEGRAM), 
cursorlblink 
black-white 
inversion 
will still occur. 
although 
it will produce 
meaningless 
results. 


The IID66710 can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 


• 
For 4-bit interface data, only four bus lines 
(DB4 to DB7) are used for transfer. Bus lines 
DBo to DB3 are disabled. The data transfer 
between 
the HD66710 
and the MPU is 
completed 
after 
the 4-bit 
data has been 
transferred twice. As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB4 to DB7) are transfered before 
the four low order bits (for 8-bit operation, 
DBo toDB3)· 


The busy flag must be checked (one instruction) 
after the 4-bit data has been transferred twice. 
Two more 4-bit operations then transfer the 
busy flag and address counter data. 


For 8-bit interface data, all eight bus lines 
(DBo to DB7)are used. 


Reset Function 


Initializing by Internal Reset Circuit 


An internal reset circuit automatically initializes 
the IID66710 when the power is turned on. The 
following instructions are executed during the 
initialization. The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = I). 
The busy state lasts for 15 ms after Vcc rises to 
4.5 V or 40 ms after the Vcc rises to 2.7 V. 


HD66710 


l. 
Display clear 


2. Function set: 
DL = I; 8-bit interface data 
N = 0; I-line display 
RE = 0: Extension register write disable 


3. Display on/off control: 
D = 0; Display off 
C = 0; Cursor off 
B = 0; Blinking off 
BE = 0: CGRAM/SEGRAM blinking off 
LP = 0: Not in low power mode 


4. Entry mode set: 
lID = I; Increment by 1 
S = 0; No shift 


5. Extension function set 
FW = 0; 5-dot character width 
B/W = 0; Normal cursor (eighth line) 
NW = 0; 1-or 2-line display (depending on N) 


6. SEGRAM address set 
lIDS = 000; No scroll 
Note: If the electrical characteristics conditions 
listed 
under 
the table 
Power 
Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD66710. For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing by 
Instruction. 


RS 


RJW 


E 


DB, 
IR7 
IR, 


DB. 
IR. 
IR. 


DB. 
IR. 
IR, 


DB. 
IR 
IR 


:'tNction register (IR) 


R, 
0 


R 
DR 


R 
DR, 


R 
0 


Date register (DR) 
road 
Buoy flog (BF) end 
addre •• 
countOt 
(AC) 
road 
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Only 
the instruction 
register 
(IR) and the data 
register (DR) of the HD66710 can be controlled by 
the MPU. Before starting internal operation of the 
HD6671O, 
control 
information 
is temporarily 
stored in these registers 
to allow interfacing 
with 
various MPUs, which operate at different speeds, 
or various peripheral 
control devices. The internal 
operation 
of the HD66710 
is determined 
by 
signals sent from the MPU. These signals, which 
include register 
selection 
(RS), read/write 
(R/W), 
and the data 
bus 
(DBO "to DB7), "make up the 
HD66710 
instructions 
(table 
7). There 
are four 
categories of instructions 
that: 


Designate 
HD66710 functions, such as display 
format, data length, etc. 


Normally, 
instructions 
that perform 
data transfer 
with internal RAM are used the most. However, 


auto-incrementation 
by 1 (or auto-decrementation 
by 1) of internal HD66710 
RAM addresses 
after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction 
(table 7) 
can perform concurrently 
with display data write, 


the user can minimize 
system development 
time 
with maximum programming 
efficiency. 


When an instruction 
is being executed for internal 
operation, 
no instruction 
other 
than 
the busy 
flag/address read instruction can be executed. 


Because 
the 
busy 
flag 
is set 
to 
1 while 
an 
instruction 
is being 
eAecuted, 
check 
it to make 
sure it is 0 before sending another instruction 
from 
theMPU. 


Note: Be sure the HD66710 
is not in the busy 
state (BF = 1) before sending an instruction 
from 
the 
MPU 
to the 
HD6671O. 
If an 
instruction 
is sent without 
checking 
the 
busy 
flag, 
the 
time 
between 
the 
first 
instruction 
and next instruction 
will take 
much longer than the instruction 
time itself. 


Refer to table 7 for the list of each instruc- 
tion execution time. 


Instruction 
RS 
RJW DB7 DB, 


Clear 
0000 
display 


Execution Time 
(max) (when fep or 
fose •• 270 kHz) 


1.52ms 


DB2 DB1 DBo 
001 


Description 


Clears entire display and 
sets DO RAM address 0 
in address counter. 


Sets DO RAM address 0 
1.52 ms 
in address counter. Also 
returns display from being 
shifted to original position. 
DO RAM contents remain 
unchanged. 


Sets cursor move direction 
37l1S 
and specifies display shift 
These operations are 
performed during data 
write and read. 


Return 
home 


Entry 
mode set 


Display 
0 
0 
0 
0 
0 
0 
0 
C 
B 
Sets entire display (D) 


.on/off 
on/off, cursor on/off (C), 
control 
and blinking of cursor 
(RE = O) 
position character (B). 


-------------------------------------------------------------------------------------- 
Extension 
0 
0 
0 
0 
0 
0 
FW 
BIW NW 
Sets a font width, a black- 
37l1S 
function 
white inverting cursor (BIW), 
set (RE = 1) 
a 6-dotfont width (FW), and 
a 4-line display (NW). 


Cursor or 
0 
0 
0 
0 
0 
SIC 
RlL 
- 
Moves cursor and shifts 
display 
display without changing 
shift 
DO RAM contents. 


Function 
0 
0 
0 
0 
DL 
N 
RE 
- 
Sets interface data length 
37 lIS 
set 
(DL), number of display 
(RE = O) 
lines (N), and extension 
---------------------------------------------------~~~~~~~~~~~~~-~~~~~~--------------- 
(RE = 1) 
0 
0 
0 
0 
DL 
N 
RE 
BE 
LP 
Sets CGRAWSEGRAM 
37l1S 
blinking enable (BE), and 
low power mode (LP). 
LP is available whilO the 
EXT pin is low. 


Aca Aca 
Aca 
Aca Aca 
Aca 
Sets CG RAM address. 
CG RAM data is sent and 
received after this setting. 


Set 
CGRAM 
address 
(RE=O) 


Set DDRAM 
0 
0 
ADD ADD Aoo ADD ADD ADD ADD 
Sets DO RAM address. 
address 
DO RAM data is sent and 
(RE = O) 
received after this setting. 
-------------------------------------------------------------------------------------- 
Set 
0 
0 
HDS HDS HDS·- 
ASG ASG ASG 
Sets SEGRAM address. 
37l1S 
SEGRAM 
DDRAM data is sent and 
address 
received after this setting. 
(RE = 1) 
Also sets a horizontal dot 
scroll quantity (HDS). 


HD66710 


Instruction 
RS 


Read busy 
0 
flag & 
address 


Code 


RIW 
DB7 DBa DBa DB4 DB3 DB2 DB, 
DBo 


BF 
AC 
AC 
AC 
AC 
AC 
AC 
AC 


Write data 
to RAM 
(RE =0/1) 


Read data 
from RAM 
(RE =0/1) 


110 
= 1: 
Increment 
I/O 
= 0: 
Decrement 
S 
= 1: Accompanies display shift 
o 
= 1: 
Display on 
C 
= 1: Cursoron 
B 
= 1: 
Blinkon 
FW 
= 1: 6-dot font width 
BIW = 1: Black-white inverting cursor on 
NW 
= 1: 
Four lines 
NW 
= 0: 
One or two lines 
SIC 
= 1: 
Display shift 
SIC 
= 0: 
Cursor move 
RlL 
= 1: Shift to the right 
RlL 
= 0: 
Shilt to the lelt 
DL 
= 1: 8 bits, DL = 0: 4 bits 
N 
= 1: 2 lines, N = 0: 1 line 
RE 
= 1: Extension register access enable 
BE 
= 1: CGRAMISEGRAM blinking enable 
LP 
= 1: 
Low power mode 
BF 
= 1: 
Internally operating 
BF 
= 0: 
Instructions acceptable 


Description 


Reads busy flag (BF) 
indicating internal 
operation is being 
performed and reads 
address counter contents. 


Writes data into DO RAM, 
CG RAM, or SEGRAM. 
To write data to DO RAM 
CG RAM, clear RE to 0; 
or to write data to SEG 
RAM, set RE to 1. 


Reads data from DO RAM, 
CG RAM, or SEGRAM. 
To read data from DO 
RAM or CG RAM, clear 
RE to 0; to read data from 
SEG RAM, set RE to 1. 


DO RAM: Display data 
RAM 
CG RAM: Character 
generator RAM 
SEGRAM:Segment RAM 


ADD: DO RAM address 
(corresponds to 
cursor address) 
ASEG: Segment RAM 
address 
HDS: Horizontal dot scroll 
quantity 
AC: 
Address counter 
used for both DO, CG, 
andSEG RAM 
addresses. 


Execution nme 
(max) (wh ••.• fcp or 
rose Ie 270 kHz) 


01U! 


371U! 
lAoo = 5.5 IU!" 


371U! 
tADD= 5.5 lIS" 


Notes: 1. - 
indicates no effect. 


• Alter execution of the CG RAM'DD RAMISEGRAM data write or read instruction, the RAM address counter 
is incremented or decremented by 1. The RAM address counter is updated after the busy flag turns off. 
In figure 13, tADDis the time elapsed alter the busy flag turns off until the address counter is updated. 


2. 
Extension time changes as frequency changes. For example, when f is 300 kHz, the execution tirne is: 371U! 
x 2701300= 33 lls. 


3. 
Execution time in a low power mode (LP = 1 & EXT = low) becomes four times as long as for a 1-line mode, 
and twice as long as for a 2- or 4-line mode. 


Busy state 
(D~ 
pin) 


Address counter 
(DBo to DB6 pins) 


~ 
B",~a"4------------- 
, 
: 
X~_A_+1_ 


-:..-----: 


Note: 
t ADD depends on 1he operation frequency 
t ADD = 1.5/(f cp or fOSC ) seconds 


Clear Display 


Clear display writes space code (20)H (character 
pattern for character code (20)H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address 0 into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the fIrst line if 2 lines .aredisplayed). It 
also sets lID to 1 (increment mode) in entry mode. 
S of entry mode does not change. It resets the 
extended register enable bit (RE) to 0 in function 
set 


Return home sets DD RAM address 0 into the 
address counter, and returns the display to its 
original status if it was shifted. The DD RAM 
contents do not change. 


The cursor or blinking go to the left edge of the 
display (in the first line if 2 lines are displayed). It 
resets the extended register enable bit (RE) to 0 in 
function set. 


Entry Mode Set 


liD: Increments (lID = 1) or decrements (lID = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 


The cursor or blinking moves to the right when 
incremented 
by 
1 and 
to 
the 
left 
when 
decremented by 1.The same applies to writing and 
reading of CG RAM and SEG RAM. 


S: Shifts the entire display either to the right 
(lID = 0) or to the left (lID = 1) when S is 1 during 
DD RAM write. The display does not shift if S is 
O. 


If S is I, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM and SEG RAM 
does not shift the display. In a low power mode 
(LP = I), do not set S = 1 because the whole 
display does not normally shift 


When extension register enable bit (RE) is 0, bits 
D, C, and B are accessed. 


D: The display is on when D is 1 and off when D 
is O. When off, the display 
data remains 
in 
DD RAM, but can be displayed 
instantly 
by 
setting D to 1. 


C: The cursor is displayed when C is 1 and not 
displayed 
when C is O. Even if the cursor 
disappears, 
the 
function 
of 
liD 
or 
other 
specifIcations will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 8 dot character font. 


B: The character indicated by the cursor blinks 
when B is 1 (fIgure 14). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 370-ms intervals when fq> 
or fose is 270 kHz. The cursor and blinking can 
be set to display simultaneously. (The blinking 
frequency 
changes 
according 
to fose 
or the 
reciprocal 
of fep• For example, 
when fep is 
300 kHz, 370 x 270/300 = 333 ms.) 


When the extended register enable bit (RE) is I, 
FW, B/W, and NW bit shown below are accessed. 
Once these registers are accessed, the set values 
are held even if the RE bit is set to zero. 


FW: When FW is I, each displayed character is 
controlled with a 6-dot width. 
The user font in 
CG RAM is displayed with a 6-bit character width 
from bits 5 to O. As for fonts stored in CG ROM, 
no display area is assigned to the leftmost bit, and 
the font is displayed with a 5-bit character width. 
If the FW bit is changed, data in DD RAM and 
CG RAM SEG RAM is destroyed. Therefore, set 
FW before data is written to RAM. 
When font 
width is set to 6 dots, the frame frequency 
decreases to 5/6 compared to 5-dot time. 
See 
"Oscillator Circuit" for details. 


BIW: When BIW is I, the character at the cursor 
position is cyclically displayed with black-white 
invertion. At this time, bits C and B in display 
on/off control register are "Don't care". When fcp 
or fose is 270 kHz, display 
is changed 
by 
switching every 370 ms. 


NW: When NW is I,4-line display is perfonned. 
At this time, bit N in the function set register is 
"Don't care". 


Alternating 
display 


ii) Blink display example 


Alternating 
display 


iii) White-black 
inverting 
display example 


Cursor or display shift shifts the cursor position or 
display 
to the right 
or left without 
writing 
or 
reading 
display 
data (table 
8). This 
function 
is 
used to correct 
or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the fIrst line. In a 4-line 
display, the cursor moves to the second line when 
it passes the 20th character 
of the line. Note that, 
all line 
displays 
will 
shift 
at the same 
time. 
When the displayed data is shifted repeatedly each 
line moves 
only 
horizontally. 
The second 
line 
display does not shift into the fIrst line position. 


These 
instruction 
reset 
the extended 
register 
enable bit (RE) to 0 in function set. 


The address counter (AC) contents will not change 
if the only action performed is a display shift. 


In low power mode (LP = I), whole-display 
shift 
cannot be normally performed. 


Only when the extended register enable bit (RE) is 
1, the BE bit shown below can be accessed. Bits 
DL and N can be accessed regardless of RE. 


DL: Sets the interface data length. Data is sent or 
received 
in 8-bit 
lengths 
(DB7 
to DBo) 
when 
DL is 1, and in 4-bit lengths (D~ 
to DB4) when 
DL isO. 


When 4-bit length is selected, data must be sent or 
received twice. 


Shifts the cursor position to the left. (AC is decremented 
by one.) 


Shifts the cursor position to the right. (AC is incremented 
by one.) 


Shifts the entire display to the left. The cursor follows the display shift. 


Shifts the entire display to the right. The cursor follows the display 
shift. 


N: When bit NW in the extended function set is 0, 
a 1- or a 2-line display is set. When N is 0, I-line 
display is selected; when N is I, 2-line display is 
selected. When NW is I, a 4-line display is set. At 
this time, N is "Don't care". 


RE: When the RE bit is I, bit BE and LP in the 
extended 
function 
set registe, 
the SEGRAM 
address set register, and the extended function set 
register can be accessed. When bit RE is 0, the 
registers described above cannot be accessed, and 
the data in these registers is held. 


To maintain compatibility with the HD44780, the 
RE bit should be fixed to O. 


Clear display, return home and cursor or display 
shift instruction a reset the RE bit to O. 


BE: When the RE bit is I, this bit can be 
rewritten. 
When this bit is I, the user font in 
CGRAM and the segment in SEGRAM can be 
blinked 
according 
to the upper two bits of 
CGRAM and SEGRAM. 


LP: When the RE bit is I, this bit can be rewritten. 
When LP is set to 1 and the EXT pin is low 


(without 
an extended 
driver), 
the HD66710 
operates in low power mode. 
In I-line display 
mode, the HD66710 operates on a 4-division 
clock, and in a 2-line or a 4-line display mode, 
the HD667IO operates on a 2-division 
clock. 
According 
to these 
operations, 
instruction 
execution 
takes four times or twice as long. 
Notice that in a low power mode, display shift 
cannot be performed. 


Note: Perform the DL, N, NW, FW functions at 
the head of the program before executing 
any instructions (except for the read busy 
flag and address instruction). From this 
point, if bit N, NW, or FW is changed after 
other instructions 
are executed, 
RAM 
contents may be lost 


A CG RAM address can be set while the RE bit is 
cleared to O. Set CG RAM address sets the 
CG RAM address binary AAAAAA into the 
address counter. 


Data is then written to or read from the MPU for 
CGRAM. 


Table 9 Display Line Set 


No. of 
Display 
Character 
Duty 
Maximum Number of Characters! 
N 
NW 
Lines 
Font 
Factor 
1 Line with Extended Drivers 


0 
0 
1 
5x8dots 
1/17 
50 characters 


1 
0 
2 
5x8dots 
1/33 
30 characters 
• 
1 
4 
5x8dots 
1/33 
20 characters 


Note: • Indicatesdon't care. 
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Set DD RAM Address 


Set DD RAM address sets the DD RAM address 
binary AAAAAAA into the address counter while 
the RE bit is cleared to O. 


Data is then written to or read from the MPU for 
DDRAM. 


However, when N and NW is 0 (I-line display), 
AAAAAAA can be OOHto 4FH. When N is 1 and 
NW is 0 (2-line display), AAAAAAA is (OO)Hto 
(27)H for the first line, and (40)H to (67)H for the 
second line. When NW is 1 (4-line display), 
AAAAAAA is (OO)Hto (13)H for the first line, 
(20)H to (33)H for the second line, (40)H to (53)H 
for the third line, and (60)H to (73)H for the fourth 
line. 


Only when the extended register enable bit (RE) is 
1, HS2 to HSOand the SEORAM address can be 
set 


The SEORAM address in the binary form AAA is 
set to the address counter. SEORAM can then be 
written to or read from by the MPU. 


Note: When performing a horizontal scroll is 
described above by connecting an extended 
driver, the maximum number of characters 
per line decreases by one. In other words, 
49 characters, 
29 characters, 
and 19 
characters are displayed in I-line, 2-line, 
and 4-line modes, respectively. Notice that 
in low power mode (LP = 1), the display 
shift and scroll cannot be performed. 


Read Busy Flag and Address 


Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to O. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out. 
This address counter is used by all CO, DD, and 
SEORAM addresses, and its value is determined 
by the previous instruction. The address contents 
are the same as for CORAM, 
DD RAM, and 
SEORAM address set instructions. 


HS2 
HS1 
o 
0 


o 
0 


o 
1 
o 
1 


o 


o 


1 


HSO 
o 


1 


o 


1 


o 


1 


o or 1 


Description 


No shift 


Shift the display position to the left by one dot. 


Shift the display position 
to the left by two dots. 


Shift the display position to the left by three dots. 


Shift the display position to the left by four dots. 


Shift the display position to the left by five dots. 


No shift. 


RS 
RlW 
DB] 
DB6 
DBs 
DB. 
DB3 
DB2 
DB, 
DBo 


SetDDRAM 
RE =0 
address 


Highest 
Lowest 
order bit 
order bit 


RS 
RlW 
DB] 
D~ 
DBs 
De. 
D~ 
DB2 
DB, 
DBo 


SetSEGRAM 
RE= 1 
address 


RS 
RlW 
DB] 
DB6 
DBs 
DB. 
DB3 
D~ 
DB, 
DBo 


Read busy flag 
Code 
and address 


Highest 
Lowest 
order bit 
order bit 


Figure 16 Character Width Control (cont) 


This 
instruction 
writes 
8-bit 
binary 
data 
DDDDDDDD to CG, DD or SEGRAM. If the 
RE bit is cleared, CG or DD RAM is selected, as 
determined by the previous specification of the 
address 
set instruction; 
if the RE bit is set, 
SEG RAM is selected. After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift direction. 


Read Data from CG, DD, or SEG RAM 


This 
instruction 
reads 
8-bit 
binary 
data 
DDDDDDDD from CG, DD, or SEG RAM. If the 
RE bit is cleared, CG or DD RAM is selected, as 
determined by the previous specification of the 
address 
set instruction; 
if the RE bit is set, 
SEG RAM is selected. If no address is specified, 
the first data read will be invalid. When executing 
serial read instructions, 
the next address 
is 
normally read from the next address. An address 


set instruction need not be executed just before 
this read instruction when shifting the cursor by a 
cursor shift instruction 
(when reading 
from 
DD RAM). A cursor shift instruction is the same 
as a set DD RAM address instruction. 


After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
a display shift is not executed regardless of the 
entry mode. 


Note: The address counter (AC) is automatically 
incremented or decremented 
after write 
instructions to CG, DD or SEG RAM. The 
RAM data selected by the AC cannot be 
read 
out 
at 
this 
time 
even 
if 
read 
instructions are executed. Therefore, to read 
data correctly, execute either an address set 
instructionor a cursor shift instruction (only 
with DD RAM), or alternatively, execute a 
preliminary read instruction to ensure the 
address is correctly set up before accessing 
the data. 


Interfacing 
the HD66710 


1) Interface 
to 8·Bit MPUs 


HD66710 can interface to 8-bit MPU directly with 
E clock, or to 8-bit MCU through I/O port 
When 


number 
of I/O port in MeV, or interfacing 
bus 
width, 4-bit interface function is useful. 


___I 
\_-- 


Internal 
signal _~I 
\'--__ 
---'1 


~ 
Data 
_ 
BUSY~BUS~~~~y~ 


I Busy flag check I Busy flag CheCkl Busy flag check I ~~~ction 
Instruction 
write 


VMA 
02 
A15 


AO 


RlW 
DO-D? 


RS 
RJW 
DBa-DB? 


co 
- 
E 
H8/325 
C1 
RS 
HD66710 
- 
C2 
- 
RJW 


AO-A? 
...• 
~ 
•.. 
DBa-DB? 


HD6301 
P34 
RS 
HD66710 
P35 
RJW 
P3G 
E 


P1a-P1? 
8 
- 
DBa-DB? 


transferred twice continuously. The DL bit in 
function set selects the interface data length. 


HD66710 can interface to 4-bit MeV through I/O 
port. 4-bit data for high and low order must be 


Internal 
signal 
\_--_/ 


DB7 
~BUSY~~~~Y~ 


Instruction 
write 
I 


Instruction 
write 


HMCS4019R 
HD66710 


COM1- 
16 
015 
- 
RS 
/ - 
014 
FWI 
COM16 
- 


013 
: 
E 


4 
SEG1- 
~o 
R1O-R13 
...• 
/ 
- 
OB4-0B7 
SEG40 
J 


Connected 
to 
the LCD 


Relationship Between Oscillation frequency 
and Liquid Crystal Display Frame Frequency 


The liquid crystal display frame frequencies of 


figure 22 apply only when the oscillation 
frequency 
is 270 kHz (one clock period: 
3.7 J.LS). 


The oscillator 
frequency can be 
adjusted by oscillator resistance 
(RI). If Rt Is Increased or power 
supply voltage Is decreased. 
the 
oscillator trequency 
decreases. 


The recommended 
oscillalor 
resistor is as tollows . 


OSC1 


OSC2 


• Rt • 91 k':U 
2% (Vcc • 5 V) 
• Rt • 75 kn± 2% (Vcc • 3 V) 


200docks (6-dot101'11 wIdIh: 240_oj 
M 213141 
_.. -1161171112131-- 
.. -- 
1161,71 


Vcc 


COMI 
;; ;;]-------------1----------1- 


1-.----11r8m~e---------l 
frame 
., 


Item 


Une selection period 
Framefrequency 


NormalDlepleyMode (LP. 0) 


5-Dat Folll Width 
6-DoCFolll Width 
200 clocks 
240 clocks 
79.4 Hz 
66.2 Hz 


Low_rMode 
(LP.1) 


5-Dot Font Width 6-Dat Font Width 
50 clocks 
60 c:loc:ks 
79.4 Hz 
66.2 Hz 


(2) 1/33dutycycle 


100fr:jtl:1'II ~h: I'.~~.:: 
1 321331 
I 1 2 1 3 , 
, 321 331 


Vcc 


COMI 
;; ;;]~------------I- 
I_ 


-1·-----·, 
frame 
·1· 
I frame 
·1 


Item 


Une selllCflon period 
Framefrequency 


NormalDlepleyMode (LP. 0) 


5-Dat Font Width 
6-Dat Font Width 
100 clocks 
120 clocks 


81.8Hz 
88.2Hz 


Low PowerMode (LP.1) 
5-Dot Font Width 6-Dat Font Width 
50 clocks 
60 c:loc:ks 


81.8Hz 
88.2Hz 


Power Supply for Liquid Crystal 
Display Drive 


Vcc 
Vcc 
R 
V1 
R 
V2 
RO 
V3 
R 
V4 
R 
V5 


VR 


VEE 


Vcc 


Vci 
Vcc 


V1 
GND 


-= 
V2 


11JF+ 
C1 
V3 
C2 


V50UT2 
V4 


V50UT3 
V5 


11JF£L 
:- 


(Boosting three times) 


Vcc 


Vci 
Vcc 


V1 
R 


GND 
R 
-= 
V2 


11JF+ 
C1 
RO 


C2 
V3 
R 


V50UT2 
V4 
R 
1IJFfL 
V50UT3 
V5 


11JF~ 


Notes: 
1. Boosted 
output voltage should not exceed the maximum 
value (13 V) of the liquid crystal power 
supply voltage. 
Especially, 
a voltage of over 4.3 V should not be input to the reference 
voltage 
(Vci) when boosting 
three times. 
2. 
A voltage of over 5.5 V should not be input to the reference 
voltage 
(Vci) when boosting 
twice. 


Item 
Data 


Number of Lines 
1 
2/4 


Duty factor 
1/17 
1/33 


Bias 
1/5 
1/6.7 


Divided 
resistance 
A 
A 
A 


AO 
A 
2.7A 


By bringing the EXT pin high, segment driver pins 
(SEG37 to SEG40) functions as the extended 
driver interface outputs. From these pins, a latch 
pulse (CLl), a shift clock (CL2), data (0), and an 
AC signal (M) are output. The same data is output 
from the SEG36 pin of the HD66710 and the start 
segment pin (Segl) of the extension driver. Due to 


the character baundary, the Segl output is used for 
the 5-dot font width. For the 6-dot font width, the 
SEG36 output is used, and the Segl output of the 
extension driver must not be used. 
When the 
extension driver LSI interface is used, ground 
level (GND) must be higher than the V5 level. 


Table 12 Required Number of 4O-0utput Extension Driver 
• 


Controller 
HD66710· 
HD44780 
HD66702 


Display Line 
5-Dot Width 
6-Dot Width 
5-DotWldth 
5-Dot Width 


16x2lines 
Not required 
1 
1 
Not required 


20 x 2 lines 
1 
1 
2 
Not reqUired 


24 x 2 lines 
1 
2 
2 
1 


40x2lines 
Disabled 
Disabled 
4 
3 


12x4lines 
1 
1 
Disabled 
Disabled 


16x4lines 
2 
2 
Disabled· 
Disabled 


20x4lines 
2 
3 
Disabled 
Disabled 


1) 1-chip operation 
(EXT • Low, 5-dot font width) 
2) When using the extension 
driver 
(EXT. 
High, 5-dat font width) 


EXT 
- a 
HD6671 0 
gi3U 
~lll~~ 
SEG1- 
'" 
SEG:)5 
HD6671 0 


SEG1- 
SEG40 


Mo 
CL2 
CL1 
Extension drlv8l' 


Seg1- 
Seg35 


When using one HD66710, the start address of 
COM9-COM16/C0M25-COM33 is calculated by 
adding 8 to the start address of COM9-COM16 
C0M25-COM32. 
When extending the address, 


the start address is calculated by adding A(10) 
to COM9-COM16/COM25 
to COM32. 
The 
relationship 
between modes and display 
start 
addresses is shown below. 


Output 


COM1-eOM8 


COM9-COM16 


COM17-eOM24 


COM25-COM32 


COM17 


COM33 


1·Llne 
Mode 


EXT Low 
EXT HIgh 


D00±1 
D00±1 


D08±1 
DOA±1 


Number 
of LInes 


2·Llne 
Mode 


EXT Low 
EXT High 


D00±1 
D00±1 


D08±1 
DOA±1 


D4O±1 
D40±1 


D48±1 
D4A±1 


4-L1ne Mode 


EXT Low/HIgh 


D00±1 


D20±1 


D40±1 


D60±1 


Notes: 
1. When an EXT pin is low, the extension 
driver is not used; otherwise, 
the extension 
driver is 
used. 
2. D"" is the start address of display data RAM (DDRAM) for each display 
line. 


3. S"" is the start address of segment RAM (SEGRAM). 
4. 
±1 following 
D"" indicates 
increment 
or decrement 
at display shift. 


1 2 
3 
4 
5 
6 7 
8 9 10 


COM1--eOM8~ 


COM17-eoM24_ 


HD6671 0 
Extension 
5EGl-5EG35 
driver (1) 
59g1-59g15 


1 2 3 4 
5 
6 
7 8 
9 10 


COM1--eOM8 
~ 


COM17-eoM24 
~ 
" 
, " 
, 
H066710 
Extension 
5EGl-5EG36 
driver (1) 
5eg2-5eg25 
(59g1 is 
skipped) 


COM1-eOM8 


COM 17-eOM24 


H066710 
5EGl-5EG35 
Extension 
driver (1) 
5egl-59g15 


d) &-dot font width: 24 x 2-line display 


1 234 
5 6 
7 
8 9101112 


'- 
, " 
, 
Extension 
driver (1) 
Seg2-5eg37 
(5EG1 is 
skipped) 


11121314151617 
181920 
- 


COM9-eoM16 


COM25--eOM32 


H06671 0 
Extension 
5EGl-5EG35 
driver (1) 
5egl-5eg15 


111213141516 
17181920 


, 
' 
•... 
..• 


COM9--eOM16 


COM25--eOM32 


HD6671 0 
5EGl-5EG36 
Extension 
driver (1) 
59g2-59925 
(5991 is skipped) 


1314151617 
18192021222324 


~ 
COM9--eOM16 


~ 
COM25--eOM32 
" 
," 
, 
H066710 
SEGll-5EG35 
(5EGl-5EG10 
are skipped) 


EXlllnsion 
driver (1) 
5egl-59g35 


13141516 
1718192021222324 
EEEEl EEEEEEEB- 
COM~16 
EEEEl EEEEEEE8- 
COM25--eOM32 
" 
, " 
""'--' 


H066710 
5EGl3-sEG36 
(5EGl-5EG12 
are skipped) 


Exlllnsion 
driver (1) 
5eg2-5eg40 
(5EG1 is 
skipped) 


Extension 
driver (2) 
59g1-&g9 


Figure 24 
Correspondence 
between the Display Position at Extension Display and 
the DDRAM Address 


e) 5-dotfont width:20 x 4-line display 


1 2 3 4 5 6 7 
8 91011121314151617181920 
COM1-eOM8 


COM9-eOM16 


COM17-eOM24 


COM25-eOM32 


-00 
01 02 0304 
05 06 
07 08 O9OA OB oc 00 OEOF 
10 11 12 
13 


-20 
21 22 23 24 25 2ll 
2728 
282A 
2B 2C20 
2E2F 
eo 81 8283 


-40 
41 42 43 44 45 48 
47 48 494A 
4B 4C 40 4E 4F 50 51 5253 


_eo 
81 82 83 
6485 
66 
67 88 88 SA 6B 8C 60 8E &F 70 71 7273 


HD66710 
5EG1-5EG35 
Extension 
driver (1) 
5e91-5e940 


Extension 
driver (2) 
5e91-5eg25 


COM1-eOM8 


COM9-eOM16 


COM17-eOM24 


COM2s-eoM32 


-00 
01 02 0304 
05 
0607 
0809 
OA OB OCOD OEOF 
10 11 12 
13 


-20 
21 22 23 24 25 
2627 
28 28 2A 2B 2C20 
2E 2F eo 81 8283 


- 
40 
41 42 43 44 45 
46 47 48 49 4A 4B 4C 404E 
4F 50 51 52 53 


-eo 
81 82 83 
6485 
6687 
8889 
SASS 
8C 8DeE 
&F70 
7172 
73 


_____ 
~I 
'~ 
~A 
,,--, 
HD66710 
Extension 
Extension 
Extension 
5EG1-5EG36 
driver (1) 
driver (2) 
driver (3) 
5e92-5eg40 
5e91-5eg40 5eg1-Seg5 
(5eg1 is skipped) 


Figure 24 Correspondence between the Display Position at Extension Display and 
the DDRAM Address (cont) 


HD66710 


Interface to Liquid Crystal Display 
pin, an extended register NW, and the FW bit, 
respectively. The relationship between the EXT 
Set the extended driver interface, the number of 
pin, register set value, and the display lines are 
display lines, and the font 
width with the EXT 
given below. 


Table 14 Relationship between EXT, Register Setting, and Display Lines 


No of 
No. of 
EXT 
Extended 
5·00t Font 
EXT 
Extended 
6-00t Font 


Line. 
Charaetrer. 
Pin 
Driver 
N 
RE 
NW 
FW 
Pin 
Driver 
N 
RE 
NW 
FW Duty 


16 
L 
0 
0 
0 
0 
H 
1 
0 
1 
0 
1 
1/17 


20 
H 
0 
0 
0 
0 
H 
1 
0 
1 
0 
1 
1/17 


24 
H 
0 
0 
0 
0 
H 
2 
0 
1 
0 
1 
1/17 


2 
16 
L 
1 
0 
0 
0 
H 
1 
1 
1 
0 
1 
1133 


20 
H 
1 
1 
0 
0 
0 
H 
1 
1 
1 
0 
1 
1133 


24 
H 
1 
1 
0 
0 
0 
H 
2 
1 
1 
0 
1 
1133 


4 
16 
H 
1 
• 
1 
1 
0 
H 
1 
• 
1 
1 
1 
1133 


20 
H 
2 
• 
1 
1 
0 
H 
2 
• 
1 
1 
1 
1133 


24 
H 
2 
• 
1 
1 
0 
H 
3 
• 
1 
1 
1 
1133 


Note: 
- 
means not required. 


1 
.......... _------- 
8 
9 .---------------_ 
. 
16 
HD66710 


COMI 
COM2 
COMO 
COlU 
COMS 
COMO 
COM7 
COMS 


COM17 


SEGl 
SEG2 
SEG3 
SEG4 
SEGS 
SEG<l 


SEG.tO 


COMO 
COUtO 
COMt' 
COM12 
COM13 
COU,,. 
~ 
EXT 
COMtS 
COUte 


HD6671 0 
1 .................. 
8 
9 •••••••••••••••••• 
16 


COMI 
COM2 
COMO 
COM4 
COMS 
COMO 
COM7 
COMS 


COM17 
COMt8 
COUtO 
gg~r.' 
COM22 
COM23 
OOM24 


COM33 


SEGt 
SEG2 
~~~ 
SEGS 
SEG<l 


SEGoIO 


COMO 
COUtO 
COMtt 
COM12 
COM13 
COM1. 
COM1S 
COMl, 


COM25 
COM20 
gg~~ 
COM20 
COM30 
COM31 
r 
EXT 
COM32 


HD66710 
1 --_ .... 
7 
8 ....... 
10 
11 ------- 
17 
18 
20 


...., 
..... 
COMO 
COMO.- 
COMO 


""'" 
COMO 
e""" 
e""'. 
e"",. 
eaoao 
e"""g= 
ee- 
- 
e""", 
.eo,.•..•.""......""....~ 
....'" 
....'" 
...." 
...." 


COMO 
COM10 
cown 
g~= 
COlo1l4 
COM1' 
e"",. 
e••••• 
e""", 
g: 
L 
e""", 
EXT 
e""", 
e_ 
e""" 


Exten8k)n 
d.w. 
ImI 
..... 
......"" 
••••n 
...." 
...." 
...." 
...." 


HD6671 0 
1 
•• _.0 
3 
..... 
7 
8 
_._---- 
12 
13 ------ 
17 
18 ------ 
20 ----.- 
24 
== 
== 
COMO-= 
COMO 
- 


e""" 
:= 
COWl' 
COUll 
:=: 
e••••• 
"""" 
:= 
e••••• 
e""" 
:= 
ee- 
e""", 
.eo, - 
:!8J 
......""...'" 
...'" 
aeo" 
~"" 
~ 
ae••• 
ae ••• 
aeo>< 
ae••• 


COMO 
= 
e"",. 
e"",. 
= 
e"",. 
e"",. 
CGil14 
e"",. 
COM1, 
e••••• 
e""", 
8s::i 
L 
e""", 
EXT 
8= 
e""" 


Extension 
drtwr 
.a" 
19 
•.....- 
••••n 
...." 
...." 
...." 
...." 
....~ 
....'" 
~fl 
...." 


HD6671 0 
1 


- 
____ 
•• 
a 
••• 
7 
8 ----------- ---- - - _. 
15 
16 ------------. 
20 


COM1 
COM'l 
COM3 
COM4 
COMB 
COMB 
COM7 
COMB 


COMB 
(;()M'O 
COM11 
COM'2 
COM13 
COM1. 
C0M23 
COM18 


COM17 
COM'8 
COM'O 
COM2O 
C0M2' 
C0M22 
C0M23 
C0M24 


C0M2S 
C0M28 
C0M27 
C0M28 
COM2O 
COM3O 
C0M31 
COM32 


C0M33 
'" .,. 


SEG' ==- 
SEG2 
SEG3 
SEG4 
SEGS 
1: 


SEG3' 
SEG32 
SEG33 
EXT 
SEG34 
SEG35 


SEGl 
Extension ~~~ 
driver 
SEG4 
(1) 
SEGS 


SEG38 
SEG37 
SEG38 
SEG3Q 
SEG40 


SEGl 
Extension 
SEG2 
driver 
~~ 
(2) 
SEGS 


SEG21 
SEG22 
SEG23 
SEG24 
SEG25 


HD66710 
- 


1 
2-·--··" 
6 
7 
8 
........ 
12 
Note: The OORAM 


COM' 
"- 
6th and 7th 
COOI2= 
~ 
COM7 
CCOII 


COM,7 
COM" 
COM •• 
COM •• 


"""" 
COM •• 
COM •• 
COM •• 


COM •• f=!!! 
"., 
•••• 
•••• I 
•••• 
••••• 
•••• 
•• 
07 
•••• 
•••• 
SEQ10...,. 


CCOII 
COM" 
COMn 
COMIZ 
COMIS 
COM •• 


COM" 
COMI' 
COM •• 
COM •• 
COM:r7 
COMa 
COM •• 
* 


EXT 
COM,. 
COM" 
COM3O 


H08871 0 
1 ••••••••• 
8 
7- •••••• 
10 
11·······- 
16 
17 --.- •• 
20 


COM' 
COOI2= 
COII!I 
CCOII 
COM7 
CCOII 


COM,7 
COM •• 
COM •• 
COM2O 
COM •• 
COM •• 
COM •• 
COM •• 


COM •• 
!!! • 
"., 
•••• 
l=- 
•••• 
•••• 
I 
••••• 
•••• 
t--- 


SEO" 
••••• 
••••• 
•••••...,. 
...,. 


CCOII 
COMI' 
li8:l" 
IZ 
COMIS 
COM •• 
COM" 
COM" 


COM •• 


1= 


COMa 
"L 
COM:r7 
COMa 
f= 
EXT 
COM,. 
COM,. 
COM" 
COM'" 


Elctenslon•••• 
driver 
IEOS 
•••• 
•••• 
•••• 
•• 
07 
••••• 
••••• 
••••• 
••••• 
..... 
••••• 


8-bit operation, 16-digit x I-line display with 
internal reset 


Refer 
to table 
16 for an example 
of an 
16-digit x I-line display in 8-bit operation. The 
HD66710 
functions 
must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, a character unit scroll can be 
performed by a display shift instruction. A dot 
unit smooth scroll can also be performed by a 
horizontal scroll instruction. Since data of 
display RAM (DDRAM) is not changed by a 
display shift instruction, the display can be 
returned to the first set display when the return 
home operation.is performed. 


• 
4-bit operation, 16-digit x I-line display with 
internal reset 


The program must set all functions prior to the 
4-bit operation (table 16). When the power is 
turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DBo to DB3 are not 
connected, a rewrite is then required. However, 
since one operation 
is completed 
in two 
accesses 
for 4-bit operation, 
a rewrite is 
needed to set the functions (see table 16). 
Thus, 
DB4 to DB7 of the function 
set 
instruction is written twice. 


8-bit operation, 16-digit x 2-line display with 
internal reset 


For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the fust line has been written. 


Thus, if there are only 16characters in the fust 
line, the DD RAM address must be again set 
after the 16th character is completed. (See 
table 17.) 


The display shift is performed for the fust and 
second lines. If the shift is repeated, 
the 
display of the second line will not move to the 
first line. The same display will only shift 
within its own line for the number of times the 
shift is repeated. 


8-bit operation, 8-digit x 4-line display with 
internalreset 


The RE bit must be set by the function set 
instruction and then the NW bit must be set by 
an extension function set instruction. In this 
case, 4-line display is always performed 
regardless of the N bit setting. (Table 18.) 


In a 4-line display, the cursor automatically 
moves from the first to the second line after 
the 20th digit of the fust line has been written. 
Thus, if there are only 8 characters in the fust 
line, 
the DD RAM address 
must be set 
again after the 8th character is completed. 
Display shifts are performed 
on all lines 
simultaneously. 


Note: When using the internal reset, the electrical 
characteristics 
in the Power 
Supply 
Conditions Using Internal Reset Circuit 
table must be satisfied. If not, the HD66710 
must be initialized by instructions. See the 
section, Initializing by Instruction. 


HD66710 


Table 
15 
8-Bit 
Operation, 
16-Digit 
x I-Line 
Display 
Example 
with 
Internal 
Reset 


Step 
Instruction 


No. 
RS 
RIW~ 
06 
05 
04 
03 
O2 
01 
Do 
Display 
Operation 


Power supply on (the HD66710 
is initialized 
by 
Initialized. 
No display. 


the internal 
reset circuit) 


2 
Function 
set 
Sets to a-bit operation 
and 
0 
0 
0 
0 
0 
0 
• 
• 
selects 
1-line display. 
Bit 2 must always be cleared. 


3 
Display on/off control 
1- 
Turns on display and cursor. 


0 
0 
0 
0 
0 
0 
0 
Entire display 
is in space mode 
because 
of initialization. 


4 
Entry mode set 
1- 
Sets mode to increment 
the 
0 
0 
0 
0 
0 
0 
0 
0 
address 
by one and to shift the 
cursor to the right at the time of 
write to the RAM. 
Display is not shifted. 


5 
Write data to CG RAM/DO 
RAM 
I H_ 
Writes H. DO RAM has 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
already been selected 
by 
initialization 
when the power 
was turned on. 


6 
Write data to CG RAM/DO 
RAM 
IHL 
Writes I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


7 


a 
Write data to CG RAM/DO 
RAM 
I HITACHL 
Writes I. 
1 
0 
0 
1 
0 
0 
1 
0 
0 


9 
Entry mode set 
I HITACHL 
Sets mode to shift display at 
0 
0 
0 
0 
0 
0 
0 
the time of write. 


10 
Write data to CG RAM/DO 
RAM 
IITACHI 
Writes a space. 


1 
0 
0 
0 
1 
0 
0 
0 
0 
0 


HD66710 


Table 15 8·Bit Operation, 16·Digit x I-Line Display Example with Internal Reset (cont) 


Step 
Instruction 


No. 
RS 
R1WD-, 
Ds 
D5 
D4 
D3 
D2 
D1 
Do 
Display 
Operation 


11 
Write data to CG RAM/DO 
RAM 
ITACHIM_ 
Writes M. 
1 
0 
0 
1 
0 
0 
1 
0 


12 


13 
Write data to CG RAM/DO 
RAM 
IMICROKO 
WritesO. 
1 
0 
0 
1 
0 
0 
1 


14 
Cursor or display shift 
IMICROKQ 
Shifts only the cursor position 
0 
0 
0 
0 
0 
0 
0 
• 
• 
to the left. 


15 
Cursor or display shift 
IMICRO~O 
Shifts only the cursor position 
0 
0 
0 
0 
0 
0 
0 
• 
• 
to the left. 


16 
Write data to CG RAM/DO 
RAM 
IICROCQ 
Writes Cover 
K. 
1 
0 
0 
1 
0 
0 
0 
0 
The display 
moves to the left. 


17 
Cursor or display shift 
IMICROCQ 
Shifts the display and cursor 
0 
0 
0 
0 
0 
• 
• 
position 
to the right. 


18 
Cursor or display shift 
IMICROCO_ 
Shifts the display 
and cursor 
0 
0 
0 
0 
0 
1 
0 
• 
• 
position to the right. 


19 
Write data to CG RAM/DO 
RAM 
IICROCOM_ 
Writes M. 


1 
0 
0 
1 
0 
0 
1 
0 


20 


21 
Return home 
I tjlTACHI 
Returns 
both display 
and cursor 
0 
0 
0 
0 
0 
0 
0 
0 
0 
to the original 
position 
(address 
0). 


Step 
I_n_st_ru_ct_lo_n 
_ 


No. 
RS 
RJW 07 
06 
05 
04 
03 
O2 
0, 
Do 
Display 


1 
Power supply on (the HD66710 
is initialized 
by 
the internal 
reset circuit) 


Function 
set 
o 
0 
0 
0 


Function 
set 
0 
0 
0 
0 
0 
0 
0 
0 
0 
• 
• 


Display on/off control 
1- 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 


Entry mode set 
1- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 


Write data to CG RAM/DD 
RAM 
1 
001 
0 
0 
101 
000 


Note: 
The control 
is the same as for a-bit operation 
beyond step #6. 


Operation 


Initialized. 
No display. 


Sets to 4-bit operation. 
Clear bit 2. 
In this case, 
operation 
is handled 
as a bits 
by initialization. 


Sets 4-bit operation 
and selects 
1-line display. 
Clear bit 2. 
4-bit operation 
starts from 
this step. 


Turns on display and cursor. 
Entire display 
is in space mode 
because 
of initialization. 


Sets mode to increment 
the 
address 
by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display 
is not shifted. 


Writes H. 
DDRAM 
has already been 
selected 
by initialization. 
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Table 
17 
8-Bit 
Operation, 
16·Digit 
x 2·Line 
Display 
Example 
with 
Internal 
Reset 


Step 
Instruction 


No. 
RS 
RJW~ 
D6 
D5 
D4 
D3 
D2 
D, 
Do 
Display 
Operation 


Power supply on (the HD66710 
is initialized 
by 
I 


Initialized. 
No display. 
the internal 
reset circuit) 


2 
Function 
set 
I 


Sets to a-bit operation 
and 
0 
0 
0 
0 
0 
• 
• 
selects 
1-line display. 
Clear bit 2. 


3 
Display on/off control 
1- 


Turns on display and cursor. 


0 
0 
0 
0 
0 
0 
0 
All display is in space mode 
because 
of initialization. 


4 
Entry mode set 
I 


Sets mode to increment 
the 
0 
0 
0 
0 
0 
0 
0 
0 
address 
by one and to shift the 
cursor to the right at the time of 
write to the RAM. 
Display is not shifted. 


5 
Write data to CG RAMIDD 
RAM 
I H_ 
Writes H. DD RAM has 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
already been selected 
by 
initialization 
when the power 
was turned on. 


6 


7 
Write data to CG RAM/DD 
RAM 
I HITACHL 
Writes I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


a 
Set DD RAM address 
I~ITACHI 
Sets RAM address 
so that the 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
cursor is positioned 
at the head 
of the second 
line. 
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Table 17 8·Bit Operation, 16·Digit x 2·Line Display Example with Internal Reset (cont) 


Step 
Instruction 


No. 
RS 
RlWD7 
Ds 
Ds 
D4 
D3 
D2 
D, 
Do 
Display 
Operation 


9 
Write data to CG RAM/DO 
RAM 
I ~~ACHI 
Writes a space. 
1 
0 
0 
1 
0 
0 
1 
0 


10 


11 
Write data to CG RAM/DO 
RAM 
WritesO. 
1 
0 
0 
1 
0 
0 
1 


12 
Entry mode set 
Sets mode to shift display at 
0 
0 
0 
0 
0 
0 
0 
the time of write. 


13 
Write data 
to CG RAMIDD 
RAM 
Writes M. 
1 
0 
0 
1 
0 
0 
1 
0 


14 


15 
Return home 
Returns 
both display and cursor 
0 
0 
0 
0 
0 
0 
0 
0 
0 
to the original 
position 
(address 
0). 
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Table 18 8-Bit Operation, 8-Digit x 4-Line Display Example with Internal Reset 


Step 
Instruction 


No. 
RS 
RJW~ 
De 
Ds 
Dc 
D3 
Dz 
D1 
Do 
Display 
Operation 


Power supply on (the HD66710 
is initialized by 


~ 


Initialized. 
No display. 


the internal 
reset circuit) 


2 
Function 
set 


~ 


Sets to S bit operation 
and the 
0 
0 
0 
0 
0 
• 
• 
extended 
register enable bit. 


3 
4·line mode set 


~ 


Sets 4·1;1e display. 


0 
0 
0 
0 
0 
0 
0 
0 


4 
Function 
set 


~ 


Clears the extended 
register 
Clear extended 
register enable bit 
enable bit. Setting the N bit is 
0 
0 
0 
0 
1 
1 
0 
0 
• 
• 
"don't care". 


5 
Display on/off control 


~ 


Turn on display and cursor. 


0 
0 
0 
0 
0 
0 
0 
Entire display 
is in space mode 
because 
of initialization. 


6 
Entry mode set 


~ 


Set mode to increment 
the 


0 
0 
0 
0 
0 
0 
0 
0 
address 
by one and to shift the 
cursor to the right at the time of 
write to the RAM. Display 
is not 


shifted. 


7 
Write data to CGRAMIDDRAM 


~ 


Write H. DDRAM 
has already 


1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
been selected 
by initialization 
when the power was turned on. 


S 


Instruction 
Step 
_ 


No. 
RS RJW 07 
06 
05 
04 
03 
02 
01 
00 
Olsplay 


9 
Write data to CGRAMIDDRAM 
1 
0 
0 
1 
0 
0 
1 
0 
0 
IHITACHL 
I 


Operation 


Write I. 


Set DDRAM address 
o 
0 
1 
0 
1 
Sets RAM address so that the 
cursor is positioned at the head 
of the second line. 


11 
Write data to CGRAMIDDRAM 
1000110000 


~ 


WriteO. 


HITACHI 
0_ 


If the power supply conditions 
for correctly 
operating the internal reset circuit are not met, 


• Wait for more than 15 ms 
after Vrx rises to 4.5 V 
(Vrx =5 V) 
• Wait for more than 40 ms 
after Vrx rises to 2.7 V 
(Vrx =3 V) 


AS PIW D~ 08& DBsDB4 D8:l D~ DB, DBa 
000011* 
* 


AS PIW D~ 08& DBsDB4 D8:l ~ 
DB1DBa 
o 
0 
0 
0 
1 
1 
* 
* 
* 
* 


AS Piii D~ 08& DBsDB4 D8:l D~ DB1 DBa 
o 
0 
0 
0 
1 
1 
* 
* 
* 


AS PIW D~ 08& DBsDB4 D8:l D~ DB1 DBa 
0 
0 
0 
0 
1 
1 
N 
0 
* 
* 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
110 
S 


Initialization ends 


[ 
I BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


[ 
I BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


[ 
I BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 


Display off 


Display clear 


Entry mode set 


• Wait for more than 15 ms 
after V~ rises to 4.5 V 
(V~=5V) 
• Wait for more than 40 ms 
after V~ rises to 2.7 V 
(V~=3V) 


AS RWD~ 
DBaDBsDB4 
o 
0 
0 
0 
1 
1 


AS RW D~ DBaDBsDB4 
o 
0 
0 
0 
1 
1 


AS RWD~ 
DBaDBsDB4 
o 
0 
0 
0 
1 
1 


AS RW D~ DBaDBsDB4 
o 
0 
0 
0 
1 
0 


00001 
0 
o 
0 
NO· 
• 
000000 
00100 
0 


000000 
o 
0 
0 
001 
000000 
0001UDS 


( 
I BF cannot be checked before this instruction. 


Function set (Interfaca is 8 bits long.) 


( 
I BF cannot be checked before this instruction. 


Function set (Interfaca is 8 bits long.) 


( 
I BF cannot be checked before this instruction. 


Function set (Interfaca is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuetion 
time. (See table 7.) 


Function set (4-bit mode). 


Dot unit shifts are performed 
by setting the 
horizontal dot scroll bit (lIDS) when the extension 
register is enabled (RE = 1). By combining this 


with character unit display shift instructions, 
smooth horizontal scrolling can be performed on a 
6-dot font width display as shown below. 


5-dot font width 
(FW = 0) 
&-dot font width 
(FW = 1) 


No shift perfonned IIII 
No shift performed 1- 


Shift III the left by one dot IIII 
Shift III the left by one dot 1- 


Shift to the left by two dols IIII 
Shift III the left by two dols 1- 


Shift to the left by three dols IIII 
Shift 
110 the left by three dots 1- 


Shift to the left by four dols IIII 
Shift to the left by four dots 1- 


Shift III the left by five dots 1- 


RS RIW DB7DB6D85 
DIl4DB3 
DB2DBl 
DBO 


1I 0 I 0 I 0 I 0 I 1 lOll 
N I 1 1 - I - I 
Enable 
theextension 
register 


21 0 I 0 
1 18 
£1 I -I- _I -I 
Shift the whole 
displey 
to the left by one dot 


CPU 
Wait 
31 0 I 0 
1 Ito"d 1 I 0 I _ I _ 
_ I _ 1 
Shift the whole 
display 
to the left by two dots 


CPU 
Wait 


410 
10 
1 f 0 1111 I -I- 
-I -I 
Shift the whole 
display 
to the left by three dots 


CPU 
Wait 
I 


51 0 I 0 
1 _ 
F~,I - I - - I - I 
Shift the whole 
display 
to the left by lour dols 


CPU 
Wait 
61 0 I 0 
_ I _I 
Shift the whole 
display 
to the left by live dots'l 


_I - I 
Perform 
no shift 
_I - I 
Shift the whole 
display 
to the left by one character'2 


Notes: 
1. 
When 
the Iont width 
is five (FW • 0). this step is skipped. 


2. 
The extended 
register 
enable 
bit (RE) is cleared. 


RS 
RIW DB? DB6 
DB5 DB4 
DB3 
DB2 
DB 1 DBO 
11010 
0101011~111D1·1·1 


21010 
010 
1IDLIN~.1I·I·1 


CPU 
Wait 
I 


Notes: 
1. When 
lIle font width 
is five (FW • 0), lIlis step is skipped. 


2. The extended 
register 
enable 
bit (RE) is cleared. 


When LP bit is land the EXT pin is low (without 
an extended driver), the HD66710 operates in low 
power mode. In I-line display mode, the HD66710 
operateson a 4-divisionclock,and in 2-lineor 4-line 
display mode, it operates on 2-division clock. 


So, instruction execution takes four times or twice 
as long. Notice that in this mode, display shift and 
scroll cannot be performed. Clear display shift 
with the return 
home 
instruction, 
and the 
horizontal scroll quantity. 


Clear horizontal 
scroll quantity 
HOS = "000' 


Note: 
In this operation, 
instruction 
execution 
time 
takes four times or twice as long. 


Absolute Maximum 
Ratings 


Item 
Symbol 
Value 
Unit 
Note.· 


Power supply voltage (1) 
VCC 
-0.3 to +7.0 
V 


Power supply voltage (2) 
Vcc;-Vs 
-0.3 to +15.0 
V 
1,2 


Input voltage 
VI 
-0.3 to Vcc +0.3 
V 
1 


Operating temperature 
Topr 
-20 to +75 
·C 
3 


Storage temperature 
Talg 
-55 to +125 
·C 
4 


Notes: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction 
and cause poor reliability. 
• Refer to the Electrical Characteristics Notes section following these tables. 


DC Characteristics 
(Vcc = 2.7 V to 5.5 V, Ta = -20°C to +75°C·3) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 
Notes· 


Input high voltage (1) 
V1H1 
0.7Vcc 
Vcc 
V 
6 
(except OSC1) 


Input low voltage (1) 
V1L1 
-0.3 
0.2Vcc 
V 
6 
(except OSC1) 
-0.3 
0.6 


Input high voltage (2) 
V1H2 
0.7Vcc 
Vcc 
V 
15 
(OSC1) 


Input low voltage (2) 
V1L2 
0.2Vcc 
V 
15 
(OSC1) 


Output high voltage (1) 
VOOl 
0.75Vcc 
V 
-100.0.1 
mA 
7 
(00-07) 


Output low voltage (1) 
Vou 
0.2Vcc 
V 
101...0.1 mA 
7 
(00-07) 


Output high voltage (2) 
VOO2 
o.avcc 
V 
-100 • .().04mA 
a 
(except 00--07) 


Output low voltage (2) 
V0I..2 
0.2Vcc 
V 
101..- 0.04 mA 
a 
(00-07) 


Oriver on resistance 
ReOM 
20 
kn 
±Id - 0.05 mA (COM) 
13 
(COM) 


Driver on resistance 
RSEG 
30 
kn 
±Id '"'0.05 mA (SEG) 
13 
(SEG) 


I/O leakage current 
III 
-1 
1 
~ 
V1N'"'0 to Vcc 
9 


Pull-up MOS current 
-Ip 
10 
50 
120 
~ 
Vcc '"'3 V 
(00-07• RS. RIW) 


Power supply current 
1ST 
TBO 
TBO 
mA 
Rt oscillation, 
10,14 
external clock 
Vcc '"'3V, fosc '"'270 kHz 
LCOvoltage 
VLCD1 
3.0 
13.0 
V 
Vcc-Vs. 1/5 bias 
16 


VLCD2 
3.0 
13.0 
V 
Vcc-Vs, 1/4 bias 
16 


Note: • Refer to the Electrical Characteristics Notes section follOWingthese tables. 


HITACHI 
401 


Item 
Symbol 
Mln 
lYP 
Max 
Unit 
Test Condition 
Note•• 


Output voltage 
VUP2 
TBD 
V 
Vci- 4.5 V,Ia - 0.5 mA, 
18 
(V50UT2 pin) 
Ta - 25°C 


Output voltage 
VUP3 
TBD 
V 
Vcj- 3 V, 10" Q.3mA, 
18 
(V50UT3 pin) 
Ta ••25°C 


Input voltage 
VCi 
2.5 
4.5 
V 
18 


Note: • Refer to the Electrical Characteristics Notes section following these tables. 


AC Characteristics 
(VCC = 2.7 V to S.S V, Ta = -20°C to +7soC·3) 


Clock Characteristics 


Item 
Symbol 
Mln 
lYP 
Max 
Unit 
Test Condition 
Note.· 


External 
External clock frequency 
fcp 
125 
270 
410 
kHz 
11 
clock 
External clock duty 
Duty 
45 
50 
55 
% 
operation 
External clock rise time 
trcp 
0.2 
J.1S 


External clock fall time 
tfcp 
0.2 
J.1S 


R, 
Clock oscillation frequency 
lose 
190 
270 
350 
kHz 
R,-75kn. 
12 
oscillation 
Vcc -3 V 


Note: • Refer to the Electrical Characteristics Notes section following these tables. 
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Bus Timing Characteristics 
(1) (VCC = 2.7 V to 4.5 V, Ta = -20°C to +75°C·3) 


Write Operation 


Item 
Symbol 
Mln 
'lYP 
Max 
Unit 
Test Condition 


Enable cycle time 
tqcE 
1000 
ns 
Figure 33 


Enable pulse width (high level) 
PWEH 
450 


Enable riselfall time 
tEr' tEl 
25 


Address 
set-up time (RS, RIW to E) 
tAS 
60 


Address 
hold time 
tAH 
20 


Data set-up time 
tosw 
195 


Data hold time 
tH 
10 


Read Operation 


Item 
Symbol 
Mln 
'lYP 
Max 
Unit 
Test Condition 


Enable cycle time 
tqcE 
1000 
ns 
Figure 34 


Enable pulse width (high level) 
PWEH 
450 


Enable riselfall time 
tEr, tEl 
25 


Address 
set-up time (RS, RIW to E) 
tAS 
60 


Address 
hold time 
tAH 
20 


Data delay time 
tooR 
360 


Data hold time 
tDHR 
5 
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Bus Timing Characteristics 
(2) (Vcc = 4.5 V to 5.5 V, Ta = -20°C to +7soC·3) 


Write Operation 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Enable cycle time 
tqcE 
500 
ns 
Figure 33 


Enable pulse width (high level) 
PWEH 
230 


Enable riseJlall time 
tEr. tEl 
20 


Address 
set-up time (AS. RIW to E) 
tAS 
40 


Address 
hold time 
tAH 
10 


Data set-up time 
tosw 
60 


Data hold time 
tH 
10 


Read Operation 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Enable cycle time 
tqcE 
500 
ns 
Figure 34 


Enable pulse width (high level) 
PWEH 
230 


Enable riseJlall time 
tEr. tEl 
20 


Address 
set-up time (AS. RIW to E) 
tAS 
40 


Address 
hold time 
tAH 
10 


Data delay time 
tooR 
160 


Data hold time 
tOHR 
5 


Segment Extension Signal Timing (Vcc = 2.7 V to 5.5 V,Ta = -20°C to +7soC·3) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Clock pulse width 
High level 
teWH 
800 
ns 
Figure 35 


Low level 
teWL 
800 


tesu 
500 


tsu 
300 


tOH 
300 


Clock set-up time 


Data set-up time 


Data hold time 


M delay time 


Clock riseJlall time 


1000 
TBD 


Item 


Power supply rise time 


Power supply off time 


Symbol 
Mln 


tree 
0.1 


toFF 
1 


Max 


10 


Test Condition 


Figure 36 


1. 
All voltage values are referred to GND = 0 V. If the LSI is used above these absolute maximum 
ratings, it may become permanently damaged. Using the LSI within the following electrical 
characteristic limits is strongly recommended for normal operation. If these electrical characteristic 
conditions are also exceeded, the LSI will malfunction and cause poor reliability. 


2. 
Vcc ~ VI ~ V2 ~ V3 ~ V4 ~ V5 must be maintained. In addition, if the SEG37/CLI, SEG38/CL2, 
SEG39/D, and SEG40/M are used as extension driver interface signals (EXT = high), GND ~ V5 
must be maintained. 


3. 
For die products, specified up to 75°C. 


4. 
For die products. specified by the die shipment specification. 


Input pin 


Pin: 
E (MOS without 
pull-up) 


110 pin 


Pins: 
080-087 
Vcc 
(MOS with pUll-Up) 


(pull-up 
MOS) 
(input circuit) 


PMOS 


Output 
enable 
data 


6. 
Applies to input pins and I/O pins, excluding the OSC1 pin. 


7. 
Applies to I/O pins. 


8. 
Applies to output pins. 


9. 
Current flowing through pull-up 
MOSs, excluding output drive MOSs. 


10. Input/output 
current is excluded. 
When input is at an intermediate 
level with CMOS, the excessive 
current flows through the input circuit to the power supply. 
To avoid this from happening, 
the input 
level must be fixed high or low. 


0.7 VCC 
0.5 Vcc 
0.3 VCC 


trcp 
t,cp 


Duty- 
-TTh 
x 100% 
h+ TI 


tt= 


SC1 
R, 


OSC2 


R1: 
75 kO ± 2% 
(when Vcc - 3 V to 4 V) 


R1: 
91 kO ± 2% 
(when Vcc - 4V to 5 V) 


Since the oscillation 
frequency 
varies depending 
on the OSC1 and 
OSC2 pin capacitance. 
the wiring length to these pins should be minimized. 


N 
:I: 
.30: 
~ 
300 


~ 
(270) 
---- 
---- 
--- 
o 
0 
- 
: 
o 


N 
:I: 
.30: 
~ 
300 


Vl 
(270) 
---- 
---- 
_0 


(91)100 


R, (kO) 


50 
(75) 
100 


R, (kO) 


13. ReoM is the resistance between the power supply pins (Vee. VI. V4. V5) and each common 
signal pin (COMI to-COM33). 


RSEG is the resistance between the power supply pins (Vee. V2. V3. V5) and each segment signal pin 
(SEGl to SEG40). 


"1 
1 
11~ 
l! 0o 
o 
o 
o 
--- 
...- 
.. 


"1.8 
1.6 
~ 
1.4 
11.2 
1.0 
typ 
l! 
0.8 
. 
0.6 
0.4 
0.2 


o 
100 
200 300 
400 500 
0.00 


fOSC or 1cp (kHZ) 
--- 
...- 


Voo=3V 
1.8 
1.6 
« 1.4 
§. 1.2 
• 


1.0 
~ 
0.8 
0.6 
0.4 
0.2 
typo 


0.00 
100 
200 300 
400 500 
10Se or 1cp (kHz) 
100 
200 300 
400 500 
fOSC or fcp (kHZ) 


15. Applies to the aSCI pin. 


16. Each COM and SEG output voltage is within ±O.15V of the LCD voltage (Vee• VI. V2. V3. V4. V5) 
when there is no load. 


17. The TEST pin must be fixed to the ground. and the EXT or Vcc pin must also be connected to the 


ground. 


Vcl.- 


C1 


V50UT3 


GND 


Te~t0------1 
pomt 


50pF 1. 


Te~t 0 
1 


point 


30pF 
1. 
- 


Figure 33 Write Operation 


RS 
VIHl 
VIHl 


VIL1 
VIL1 


IAS 
IAH 


RJW 
V1H1 
VIHl 


PWEH 
IAH 


lEI 


E 


Vill 


IE' 


lOOR 
IOHR 


DBa to DB7 
VOH1 
Valid 
data 
VOH1 
V0l1 
V0l1 


IcyeE 


IAH 


VILl 


PWEH 
IAH 


tEt 


IE' 
tosw 
IH 


Notes: 
1. t OFF compensates 
for the power oscillation 
period caused by momentary 
power 
supply oscillations. 
2. 
Specified 
at 4.5 V for standard 
voltage operation, 
and at 2.7 V for low voltage operation. 


3. 
If the above electrical 
conditions 
are not satisfied, 
the internal reset circuit will not 
operate 
normally. 
In this case, the LSI must be initialized 
by software. 
(Refer to the 
Initializing 
by Instruction 
section.) 


HD66712(LCD-II/F12)-- 
(Dot Matrix Liquid Crystal Display 
Controller/Driver) 


Description 


The HD66712 dot-matrix liquid crystal display 
controller and driver LSI displays alphanumerics, 
numbers, and symbols. 
It can be configured to 
drive a dot-matrix liquid crystal dispJa'yunder the 
control of a serial or a 4- or 8-bit microprocessor. 
Since all the functions such as display RAM, 
character 
generator, 
and liquid crystal driver, 
required for driving a dot-matrix liquid crystal 
display are internally provided on one chip, a 
minimum system can be interfaced 
with this 
controller/driver. 


A single HD66712 is capable of displaying a 
single 24-character line, two 24-character lines, or 
four 12-character lines. 


The HD66712 software is upwardly compatible 
with the LCDII (HD44780) which allows the user 
to easily replace an LCD-II with an HD66712. In 
addition, the HD66712 is equipped with functions 
such as segment displays for icon marks, a 4-line 
display mode, and a horizontal smooth scroll, and 
thus supports various display forms. This achieves 
various display forms. 
The HD66712 character 
generator ROM is extended to generate 240 5 x 8 
dot characters. 


The low-voltage 
operation 
(2.7 
V) of the 
HD66712, combined with a low-power mode, is 
suitable for any portable battery-driven product 
requiring low power consumption. 


5 x 8 dot matrix possible 
Clock-synchronized serial interface capability; 
can interface with 4- or 8-bit MPU 
Low-power operation support: 


- 
2.7 to 5.5 V (low voltage) 
- 
Wide liquid-crystal voltage range: 3.0 to 
13.0 Vmax. 
Booster for liquid crystal voltage 
- 
Two/three times (13 V max.) 
High-speed MPU bus interface 
(2MHz at 5-V operation) 
Extension driver interface 
Character display and independent 60-icon 
mark display possible 
Horizontal smooth scroll by 6-dot font width 
display possible 
80 x 8-bit display RAM (80 characters max.) 
9,600-bit character generator ROM 
- 
240 characters (5 x 8 dot) 
64 x 8-bit character generator RAM 
- 
8 characters (5 x 8 dot) 
16x 8-bit segment icon mark 
- 
96-segment icon mark 
34-common 
x 60-segment 
liquid 
crystal 
display driver 
Programmable duty cycle 
(See list 1) 
Software upwardly compatible with HD44780. 
Wide range of instruction functions: 
- 
Functions 
compatible 
with 
LCD-II: 
Display clear, cursor home, display On/off, 
cursor on/off, display character 
blink, 
cursor shift, display shift 
- 
Additional functions: Icon mark control, 4- 
line display, horizontal smooth scroll, 6-dot 
character 
width 
control, 
white-black 
inverting blinking cursor. 
Automatic reset circuit that initializes 
the 
controller/driver 
after power on (standard 
version only) 
Internal oscillator with an external resistor 


5-dot font width 
Single-chip Operation 
With Extension Driver 
Displayed 
Displayed 
Characters 
Icons 
Characters 
One 24- 
60 
One 52- 
characterline 
characterline 
Two24- 
60 
Two32- 
characterlines 
characterlines 
Four24- 
60 
Four20- 
characterlines 
characterlines 


Icons 
80 


Number of 
Lines 
Duty Ratio 


1 
1/17 


Single-chip Operation 
With Extension Driver 
Numb.erof 
Displayed 
Displayed 
Lines 
Duty Ratio 
Characters 
Icons 
Characters 
Icons 


1 
1/17 
One 20- 
60 
One 50- 
96 
characterline 
characterline 


2 
1133 
Two20- 
60 
Two30- 
96 
characterlines 
characterlines 


4 
1133 
Four 10- 
60 
Four20- 
96 
characterlines 
characterlines 
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LCD-II Family Comparison 


LCD-II 
LCD-II/E20 
LCO·II/F8 
LCD-IIIF12 


Item 
(H 044780 U) 
(HD66702) 
(HD66710) 
H066712 


Power supply voltage 
2.7 Vto 
5.5 V 
5 V±10 
% 
2.7 Vto 
5.5 V 
2.7 Vto 
5.5 V 
(standard) 
2.7 Vt05.5 
V 
(low voltage) 


Liquid crystal drive 
3.0 to 11 V 
3.0 Vto 
7.0 V 
3.0 to 13.0 V 
3.0 to 13.0 V 


voltage 


Maximum 
display 
8 characters 
20 characters 
16 characters 
x 
24 characters 
x 


digits per chip 
x2lines 
x 2 lines 
2 lines/ 
2linesl 
8 characters 
x 4 
12 characters 
x 4 
lines 
lines 


Segment 
display 
None 
None 
40 segments 
60 segments 


Display 
duty cycle 
1/8, 1/11, and 
1/8,1/11, 
and 
1/17 and 1/33 
1/17 and 1/33 
1/16 
1/16 


CGROM 
9,920 bits 
7,200 bits 
9,600 bits 
9,600 bits 
(2085 
x 8 dot 
(1605 
x 7 dot 
(2405 
x 8 dot 
(2405 
x 8 dot 
characters 
and 
characters 
and 
characters) 
characters) 
325x10dot 
325 
x 10 dot 
characters) 
characters) 


CGRAM 
64 bytes 
64 bytes 
64 bytes 
64 bytes 


DDRAM 
80 bytes 
80 bytes 
80 bytes 
80 bytes 


SEGRAM 
None 
None 
8 bytes 
16 bytes 


Segment 
signals 
40 
100 
40 
60 


Common 
signals 
16 
16 
33 
34 


Liquid crystal drive waveform 
A 
B 
B 
B 


Bleeder 
resistor for LCD 
External 
External 
External 
External 
power supply 
(adjustable) 
(adjustable) 
(adjustable) 
(adjustable) 


Clock source 
External 
resistor 
External 
resistor 
External 
resistor 
External 
resistor 
or external 
clock 
or external 
clock 
or external 
clock 
or external 
clock 


RI oscillation 
frequency 
270 kHz±30% 
320 kHz±30% 
270 kHz ±30"10 
270 kHz±30% 
(frame frequency) 
(59 to 110 Hz for 
(70 to 130 Hz for 
(56 to 103 Hz for (56 to 103 Hz for 
1/8 and 1/16 duty 
1/8 and 1/16 duty 1/17 duty cycle; 
1/17 duty cycle; 
cycle; 43 to 80 
cycle; 51 to 95 
57 to 106 Hz for 
57 to 106 Hz for 
Hz for 1/11 duty 
Hz for 1/11 duty 
1133 duty cycle) 
1133 duty cycle) 
cycle) 
cycle) 


RI resistance 
91 kn: 5-V 
68 kQ: 5-V 
91 kQ: 5-V 
91 kn: 5-V 
operation; 
operation 
operation; 
operation; 
75 kn:3-V 
56 kQ: (3-V 
75 kQ: 3-V 
75 kQ:3-V 
operation 
operation) 
operation 
operation 


LCo-II 
LCD-II/E20 
LCD-II/F8 
LCD-IIIF12 
Item 
(HD44780U) 
(HD66702) 
(HD6671 0) 
HD66712 


Liquid crystal 
voltage 
None 
None 
2-3 times step- 
2-3 times step- 


booster 
circuit 
up circuit 
up circuit 


Extension 
driver control 
signal 
Independent 
Independent 
Used in common 
Independent 
control 
signal 
control 
signal 
with a.driver 
control 
signal 
output pin 


Reset function 
Power on 
Power on 
Power on 
Power on 
automatic 
automatic 
automatic 
automatic 
reset 
reset 
reset 
reset 
or Reset input 


Instructions 
LCD-II 
Fully compatible 
Upper 
Upper compatible 
(HD447S0) 
with the LCD-II 
compatible 
with 
with the LCD-II 
the LCD-II 


Number 
of displayed 
1 or 2 
1 or 2 
1,2, 
or 4 
1,2, 
or 4 
lines 


Low power mode 
None 
None 
Available 
Available 


Horizontal 
scroll 
Character 
unit 
Character 
unit 
Dot unit 
Dot unit 


Bus interlace 
4 bitsl8 bits 
4 bits/S bits 
4 bits/S bits 
Serial; 
4 bits/S bits 


CPU bus timing 
2 MHz: 5-V 
1 MHz 
2 MHz:5-V 
2 MHz: 5-V 
operation; 
operation; 
operation; 


1 MHz: 3-V 
1 MHz: 3-V 
1 MHz: 3-V 
operation 
operation 
operation 


Package 
OFP-1420-S0 
LOFP-202D-144 
OFP-1420-1oo 
OFP-1420-12S 
SO-pin bare chip 
144-pin bare chip 100-pin bare chipTCP-12S 
12S-pin bare chip 
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Pin 'Functions 


Table 1 Pin Functional 
Description 


Number 
Device 
Signal 
of pins 
110 
Interfaced 
with 
Function 


1M 
1 
I 
Selects 
interface 
mode with the MPU; 
Low: Serial mode 
High: 4-biV8-bit 
bus mode 
(Bus width is specified 
by instruction.) 


RS/CS· 
MPU 
Selects 
registers 
during bus mode: 
Low: Instruction 
register 
(write); 
Busy flag, address counter 
(read) 
High: Data register 
(write/read) 
Acts as chip-select 
during serial mode: 


Low: Select (access 
enable) 
High: Not selected 
(access disable) 


RW/SID 
1 
MPU 
Selects 
read/write 
during bus mode; 
Low: Write 
High: Read 
Inputs serial data during serial mode. 


ElSCLK 
MPU 
Starts data readlwrite 
during bus mode; 
Inputs (Receives) 
serial clock during serial mode. 


DB4 to 
4 
110 
MPU 
Four high-order 
bidirectional 
tristate 
data bus pins. 
Used 
DB7 
for data transfer 
between 
the MPU and the HD66712. 
DB7 can be used as a busy flag. 
Open these pins during 
serial mode since these signals 'are not used. 


DBl to 
3 
110 
MPU 
Three low order bidirectional 
tristate 
data bus pins. 


DB3 
Used for data transfer 
between 
the MPU and the 
HD66712. 
Open these pins during '4-bit operation 
or 


serial mode since they are not used. 


DBO/ 
110 
MPU 
The lowest bidirectional 
data bit (DBO) during 8-bit bus 
SOD 
10 
mode. 
Open these pins during 4-bit mode since they are 
not used. 
Outputs 
(transfers) 
serial data during serial mode. 
Open 
this pin if reading 
(transfer) 
is not performed. 


COMoto 
34 
0 
LCD 
Common 
signals; 
those that are not used become 
non- 


COM33 
selected 
waveforms. 
At 1/17 duty rate, COMl 
to COM16 
are used for character 
display, COMo and COM17 for 
icon display, and COM18 to COM33 become 
non- 
selected 
waveforms. 
At 1133 duty rate, COMl 
to COM32 
are used for character 
display, and COMo and COM33 for 
icon display. 
Because 
two COM signals output the same 
level simultaneously, 
apply them according 
to the wiring 
pattern of the display device. 


SEGl 
to 
60 
0 
LCD 
Segment 
output signals 


SEGso 


Table 
1 
Pin Functional 
Description 
(cont) 


Number 
Device 
Signal 
of pins 
110 
Interfaced 
with 


Cl1 
1 
0 
Extension 
driver 


CL2 
0 
Extension 
driver 


0 
0 
Extension 
driver 


M 
0 
Extension 
driver 


EXT 


VcclGNO 
2 


OSC11OSC22 


Power supply 


Oscillation 
resistor 
clock 


Vs pin! 
Booster 
capacitance 


Vspin 


Booster 
capacitance 


RESET' 


TEST 


Function 


When EXT. 
high, outputs the extension 
driver latch 
pulse. 


When EXT. 
high, outputs the extension 
driver shift 
clock. 


When EXT. 
high, outputs 
extension 
driver data; data 
from the 61st dot on is output. 


When EXT = high, outputs 
the extension 
driver AC 
signal. 


When EXT. 
high, outputs the extension 
driver control 
signal. 
When EXT = low, the signal becomes 
tristate 
and can suppress 
consumption 
current. 


Power supply for LCD drive 
Vcc -Vs • 13 V (max) 


Vcc: +5 V or +3 V, GNO: 0 V 


When crystal oscillation 
is performed, 
an external 
resistor 
must be connected. 
When the pin input is an 
external clock, 
it must be input to OSC1. 


Inputs voltage to the booster to generate 
the liquid 
crystal display drive voltage. 
Vci:2.5 
V to 4.5 V 


Voltage input to the Vci pin is boosted twice and output. 
When the voltage 
is boosted three times, the same 
capacitance 
as that of C1-e2 
should be connected 
here. 


Voltage input to the Vci pin is boosted 
three times and 
output. 


External 
capacitance 
should be connected 
here when 
using the booster. 


Reset pin. 
Initialized 
to "low". 


Test pin. 
Should be wired to ground. 


The HD66712 has three types of system interfaces: 
synchronized serial, 4-bit bus, and 8-bit bus. The 
serial interface is selected by the 1M-pin, and the 
4/8-bit bus interface is selected by the DL bit in 
the instruction register. 


The HD66712 
has two 8-bit 
registers: 
an 
instruction register (IR) and a data register (DR). 


The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
the display data RAM (DD RAM), the character 
generator RAM (CG RAM), and the segment 
RAM (SEG RAM). The MPU can only write to 
JR, and cannot be read from. 


The DR temporarily stores data to be written into 
DD RAM, CG RAM, or SEG RAM. Data written 
into the DR from the MPU is automatically written 
into DD RAM, CG RAM, or SEG RAM by an 
internal operation. The DR is also used for data 
storage when reading data from DD RAM, CG 
RAM, or SEG RAM. When address information 
is written into the IR, data is read and then stored 
into the DR from DD RAM, CG RAM or SEG 
RAM by an internal operation. 
Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM, CG RAM, or SEG RAM at the next address 
is sent to the DR for the next read from the MPU. 


These two registers can be selected by the registor 
selector (RS) signal in the 4/8 bit bus interface, 
and by the RS bit in start byte data in synchronized 
serial interface (table 2). 


When the busy flag is 1, the HD66712 is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = 0 and R/W = 1 
(table 2), the busy flag is output from DB7. The 
next instruction must be written after ensuring that 
the busy flag is O. 


Address Counter (AC) 


The address counter (AC) assigns addresses to DD 
RAM, CG RAM, or SEG RAM. When an address 
of an instruction is written into the IR, the address 
information 
is sent from the IR to the AC. 
Selection of DD RAM, CG RAM, and SEG RAM 
is also determined concurrently by the instruction. 


After writing into (reading from) DD RAM, CG 
RAM, or SEG RAM, the AC is automatically 
incremented by 1 (decremented by 1). The AC 
contents are then output to DBa to DB6 when RS = 
o and R/W = I (table 2). 


RIW 
o 


1 
o 


1 


Operation 


IR write as an internal operation 
(display clear, etc.) 


Read busy flag (DB7) and address counter (DBo to DB6) 


DR write as an internal operation 
(DR to DD RAM, CG RAM, or SEGRAM) 


DR read as an internal operation 
(DD RAM, CG RAM, or SEGRAM to DR) 


Display Data RAM (DD RAM) 


Display data RAM (DD RAM) stores display data 
represented 
in 8-bit character codes. 
Its capacity is 
80 x 8 bits, or 80 characters. 
The area in display 
data RAM (DD RAM) that is not used for display 
can be used as general data RAM. 


The DD RAM address (ADD) is set in the address 
counter (AC) as a hexadecimal 
number, as shown 
in figure 1. 


The relationship 
between DD RAM addresses 
and 
positions on the liquid crystal display is described 
and shown on the following pages for a variety of 
cases. 


When a display shift is perfonned, 
the DD 
RAM addresses shift as well as shown in the 
figure. 
- 
Case 
1: When 
there 
are fewer 
than 
80 
display 
characters, 
the display begins at the 
beginning of DD RAM. 
For example, when 
24 5-dot font-width characters are displayed 
using one HD66712, 
the display is generated 
as shown in figure 2. 


- 
Case 2: Figure 4 shows the case where the 
EXT pin is fixed high and the HD66712 and 
the 40-output extension driver are used to 
display 
24 6-dot 
font-width 
characters. 
In this case, 
COM9 
to COMI6 
begins 
at 


(OA)H. 
When a display shift is perfonned, 
the DD 
RAM addresses shift as well as shown in the 
figure. 
When a display shift is perfonned, 
the DD 
RAM addresses shift as well as shown in the 
figure. 
When 20 6-dot font-width characters are 
displayed using one HD66712, the display is 
generated as shown in figure 3. Note that 
COM9 to COM16 begins at address (OA)H 
in this case.20 characters 
are displayed. 
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COM1lD8~ 
~ 
COM9lD16 
(RighI shilt display) 
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3 45 
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COM1lD8~ 
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7 8 
910 
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'LCO:11JF12 
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SEG1 ~SEG60 
LCD-iiiF12 
SEG1 to SEG60 


21 2223 24 ~ 
Display position 


COM9to 
16 


, 
, 
~ 
DDRAM address 
ExtenslOfl dnver 
SEG1 to SEG24 


1 2 
3 4 
5 6 
7 8 9 
10 


COM1 ~8~ 
COM9 to 16 
(Left shift display) 


COM11D~ 
~EE}- 
COM9to16 
(Right shift display) 


- 
Case 1: The first line is displayed from 
COMI to COM16, and the second line is 
displayed from COM17 to C0M32. 
Note 
that the last address of the first line and the 
first address of the second line are not 
consecutive. 
Figure 5 shows an example 
where a 5-dot font-width 
24 x 2-line 
display.is performed using one HD66712. 


Here, COM9 to COM16 begins at (OC)H, 
and COM25 to C0M32 at (4C)H. When a 
display shift is performed, the DD RAM 
addresses shift as shown. Figure 6 shows 
an example where a 6-dot font-width 20 x 
2-line display is performed 
using one 
HD66712. 
COM9 to COM16 begins at 
(OA)H,and C0M25 to C0M32 at (4A)H. 
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Display 
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~ 
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When a display shift is performed, 
the DD 
RAM addresses shift as shown. 
- 
Case 
2: Figure 
7 shows 
the case where 
the 
EXT pin is fixed high and the HD66712 and the 
40-output 
extension driver are used to extend 
the number of display characters to 32 5-dot 
font-width 
characters. 


In this case, COM9 to COM16 begins at 
(OC)H, and C0M25 
to COM32 at (4C)H. 
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- 
Case 1: The fust line is displayed from COMI 
to COM8. the second line is displayed from 
COM9 to COMI6. 
the third line is displayed 
from COM17 to COM24. and the fourth line is 
displayed from C0M25 
to C0M32. 
Note that the DD RAM addresses of each line 
are not consecutive. 
Figure 8 shows an example where a 12 x 4-line 
display is performed 
using one HD66712. 


When a display shift is performed. 
the DD 
RAM addresses shift as shown. 
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- 
Case 
2: Figure 
9 shows 
the case 
where 
the 
EXT pin is fixed high and the HD66712 and 
the 40-output extension driver are used to 
extend the number of display characters. 


When a display shift is performed. 
the DD 
RAM addresses shift as shown. 
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Character Generator ROM (CG ROM) 


The character 
generator 
ROM generates 
5 x 8 dot 
character 
patterns 
from 
8-bit 
character 
codes 
(table 3). 
It can generate 240 5 x 8 dot character 
patterns. 
User-defined 
character 
patterns 
are also 
available 
using 
a mask-programmed 
ROM 
(see 
"Modifying 
Character Patterns"). 


The character generator RAM allows the user to 
redefine the character patterns. 
In the case of 5 x 
8 dot character, up to eight character patterns may 
be redefined. 


Write the character 
codes at the addresses 
shown 
as the left column of table 3 to show the character 
patterns stored in CG RAM. 


See table 4 for the relationship 
between CG RAM 
addresses and data and display patterns. 


The segment RAM (SEORAM) is used to enable 
control of segments such as an icon and a mark by 
the user program. 
For a I-line display, SEORAM is read from the 
COMOand the COMI7 output, and for 2- or 4-line 
displays, it is read from the COMOand the 
COM33 output, to perform 6O-segmentdisplay 
(80-segment display when using the extension 
driver). 
As shown in table 7, bits in SEORAM 
corresponding to segments to be displayed are 
directly set by the MPU, regardless of the contents 
of DDRAM and CORAM. 


SEORAM data is stored in eight bits. The lower 
six bits control the display of each segment, and 
the upper two bits control segment blinking. 


Timing Generation Circuit 


The timing generation circuit generates timing 
signals for the operation of internal circuits such 
as DDRAM, COROM, CORAM, and SEORAM. 
RAM read 
timing 
for display 
and internal 
operation timing by MPU access are generated 
separately to avoid interfering with each other. 
Therefore, when writing data to DD RAM, for 
example, 
there 
will 
be 
no 
undesirable 
interferences, such as flickering, in areas other 
than the display area. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 
34 common signal drivers and 60 segment signal 
drivers. 
When the character font and number of 


lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, 
while the other common 
signal 
drivers 
continue 
to 
output 
non-selection 
waveforms. 


Character pattern data is sent serially through a 
6O-bit shift register and latched when all needed 
data has arrived. 
The latched data then enables 
the driver to generate drive waveform outputs. 


Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal 
shift register, 
the 
HD66712 drives from the head display. 


Cursor/Blink Control Circuit 


The cursor/blink 
(or white-black 
inversion) 
control is used to produce a cursor or a flashing 
area on the display at a position corresponding to 
the location in stored in the address counter (AC). 


For example (figure II), when the address counter 
is (08)H, a cursor is displayed 
at a position 
corresponding to DDRAM address (08)H. 


Scroll Control Circuit 


The scroll control circuit is used to perform a 
smooth-scroll 
in the unit of dot. 
When the 
number of characters to be displayed is greater 
than that possible at one time on the liquid crystal 
module, this horizontal smooth scroll can be used 
to display all characters. 
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Table 6 Example or Relationships between Character Code (DDRAM)and 
Character Pattern 
(CGRAM data) 


a) When character 
pattern is 5 
x 8 dots 


Character code (OORAM data) 
CGRAM address 
D7 Os D5 
Dt 
OJ D2 01 
III 
As A4 
A3: A2 Al 
Ao 


MS8 
CGRAM data 
LSB 
07 06 05 04 03 02 0, 00 


o 
0 
0 
001 
010 
011 
100 
1 
0 
1 
1 
1 
0 
1 
1 
1 


o 
0 
0 
* * * 


o 
0 
1 j 
010 
o 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 


'1 
1 
1 


Character 
pattern 
(1) 


Character 
pattern 
(8) 


b) When character 
pattern is 6 x 8 dots 


Character code (OORAM data) 
CGRAM address 
MS8 
CGRAMdata 
LSB 
D7 Os D5 
Dt 
OJ D2 01 
III 
As A4 
A3' 
A2 Al 
Ao 
07 06 05 04 03 02 0, 00 


0 
0 
0 
0 * 
0 
0 
0 
0 
0 
0 
0 
0 
0 
* * 
0; 
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0 
Character 
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0 
pattern 
1 
0 
0 
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1 
0 
1 
1 
0 
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1 
1 
1 
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0 
0 
0 * 
0 
0 
0 
* * 
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0 
1 
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0 
1 
0 
0 
0 
1 
1 
0 
Character 
1 
0 
0 
0 
pattern 


1 
0 
1 
0 
(8) 


1 
1 
0 
0 
1 
1 
1 
0 


Notes: 1. Character code bits 0 to 2 correspond 
to CGRAM address bits 3 to 5 (3 bits: 8 types). 
2. CGRAM address bits 0 to 2 designate the character pattern line position (3 bits: 8 lines). 
The 
8th line is the cursor position and its display is fonned by a logical OR with the cursor. 
3. The character data is stored with the righunost character element in bit 0, as shown in the figure 
above. 
Characters with 5 dots in width (FW = 0) are stored in bits 0 to 4, and characters with 6 
dots in width (FW = I) are stored in bits 0 to 5. 
4. When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected. 
Bit 3 of the character code is invalid (*). Therefore, 
for example, the character codes (OO)H 
and (08)H correspond 
to the same CGRAM address. 


5. A set bit in the CGRAM data corresponds 
to display selection, and 0 to non-selection. 


6. When the BE bit of the function set register is I, pattern blinking control of the lower six bits is 
controlled 
using the upper two bits (bits 7 and 6) in CGRAM. 
When bit 7 is I, of the lower six bits, only those which are set are blinked on the display. 
When bit 6 is I, a bit 4 pattern can be blinked as for a 5-dot font width, and a bit 5 pattern 
can be blinked as for a 6-dot font width. 


5EGRAM 
5EGRAMd~a 
address 
a) 5-dotfontwidth 
b) 6-dotfontwidth 


Ao 
A2 A1 Ao 
07 
D6 05 
04 D3 02 
01 
Do 
07 
D6 05 04 03 
02 01 
Do 
__~ 
~ 
? 
? 
~_~_~_~_: 
~~__~_~_~~__~~__~~___~_1__~~ __~_1__~~ __~~ __~~__~_~_~~ __ 
o 
0 
0 
1 
B1 BO' 
56 57 58 59510 
B1 BO 57 58 59510511512 
................ -_ ..-_ ..--.•...• -------- --- --- ..-- -_ ..-_ ..--_ 
-_ ..--- 
--.- --_ ..-_ ..-_ 
-_ .•-_ ..----.-. 
___ 
~ ~! ~__ 
__ 
~) 
__ 
~9__~ ~_~!~!?_~~~_~_1_~~_~ 
~ __~)__~_~_~_~~~! ~_~~~_~)_~~_1_?~! 
~_. 
o 
0 
1 
1 
B1 BO' 
516517518519520 
B1 BO 519520521522523524 
...................... -_ 
-_ ..--- .•.----_ ..---_ .•--_ ..-- ..-_ ...•.. -_.. -_ ..-_ 
-_ ..--- - - 
-- -_ 
--_. 


o 
1 
0 
0 
B1 BO' 
521522523524525 
B1 BO 525526527528529530 
--- ------ ------ --- -- ..-- .•----- --- --- .•-- ..----- --- ------- 
..--- --- --- --- --- --- --- --- ------- 
..•_-- 
o 
1 
0 
1 
B1 BO' 
526527528529530 
B1 BO 531532533534535536 
--- --- ..-_ ..-_ ..-_ ..-- ---_ ..-_ ..--- --- --_ .•-- -_ ..--_ ..---_ ..---- .........•................ 
--_ ..----_ ..-_ ..---_ ..-_ .._- 
o 
1 
1 
0 
B1 BO' 
531532533534535 
B1 BO537538539540541542 
........ -_ 
-_............ 
....-_ ..-_ .•--_ ..-_ ..-_ 
--_ ..-_ 
-_ 
-_ 
-_ ..--_ ..-- -_ 
-_ .•-_ 
----- -_ .._- 


o 
1 
1 
1 
B1 BO' 
536537538539540 
B1 BO543544545546547548 
1 
0 
0 
0 
B1 BO' 
541542543544545 
B1 BO 549550551552553554 
.............. -_ 
-_ ..--- --- -------- ---- -----------..- ------- --- --- ------------ --- -------- 
1 
0 
0 
1 
B1 BO' 
546547548549550 
B1 BO 555556557558559560 
------------------ _.-_. --------- -_.------ --- ---------- ---------- --- ------------ ------ ._--- 
1 
0 
1 
0 
B1 BO' 
551552553554555 
B1 BO561562563564565566 


_._--------------- 
------------------------------------ 
-----------------------------------_. 
1 
0 
1 
1 
B1 BO' 
556557558559560 
B1 Bo 567568569570571572 
------------------ 
------------------------------------ 
-----------------------------------_. 
1 
1 
0 
0 
B1 BO' 
561562563564565 
B1 BO 573574575576577578 
--- --------------- -------------------- -------------- -- - ---- -- - --- - - --- ------- --- --- -------- 
1 
1 
0 
1 
B1 BO' 
566567568569570 
B1 BO579580581582583584 
--- --- --- --- --- --- ----------- --- ----- ..--- --- --- ------ --- --- --- --- --- --- --- --- --- --- --- ----- 


1 
1 
1 
0 
B1 BO' 
571572573574575 
B1 BO585586587588589590 
--- --- --- --- ------ ------------- 
--- --------- ------ ---- - ---- --- --------- --- --- --- --- -_ .._-- -_. 


1 
1 
1 
1 
B1 BO' 
576577578579580 
B1 BO591592593594595596 


Notes: 1. Data set to SEGRAM is output when COMO and COM17 are selected, as for a I-line display, 
and output when COMO and COM33 are selected, as for a 2-line or a 4-line display. 
COMO and 
COM17 for a I-line display and COMO and COM33 for a 2-line or a 4-line display are the same 
signals. 


2. S1 to S96 are pin numbers of the segment output driver. 
S 1 is positioned 
to the left of the 
display. 
When the LCO-I1/F12 is used by one chip, segments from S 1 to S60 are displayed. 


An extension driver displays the segments after S61. 


3. Mter S80 output at 5-dot font and S96 output at 6-dot font, S 1 output is repeated again. 
4. As for a 5-dot font width, lower five bits (04 to DO) are display on.off information 
of each 
segment 
For a 6-dot character width, the lower six bits (05 to DO) are the display 
information 
for each segment. 


5. When the BE bit of the function set register is I, pattern blinking of the lower six bits is 
controlled 
using the upper two bits (bits 7 and 6) in SEGRAM. 


When bit 7 is I, only a bit set to "I" of the lower six bits is blinked on the display. 
When bit 6 is I, only a bit 4 pattern can be blinked as for a 5-dot font width, and only a bit 5 
pattern can be blinked as for 6-dot font width. 


6. Bit 5 (05) is invalid for a 5-dot font width. 
7. Set bits in the SEGRAM data correspond 
to display selection, and zeros to non-selection. 
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II) 
6-dot font width (FW=1) 
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The 
following 
operations 
correspond 
to the 
numbers listed in figure 12: 


1. 
Determine 
the 
correspondence 
between 
character codes and character patterns. 


2. 
Create 
a listing indicating 
the correspondence 
between EPROM addresses and data. 


3. 
Program 
the 
character 
patterns 
into 
an 
EPROM. 


5. 
Computer 
processing: 
of 
the 
EPROM 
is 
performed 
at Hitachi 
to create 
a character 
pattern listing, which is sent to the user. 


6. 
If there are no problems 
within 
the character 
paltern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When 
it is confirmed 
by the user 
that 
the 
character 
patterns 
are correctly 
written, 
mass 
production of the LSI will proceed at Hitachi. 


Determine 
character 
patterns 


Programming character patterns 
This section explains the correspondence 
between addresses and data used to 
program character patterns in EPROM. 


- 
Programming to EPROM 
The HD66712 character generator ROM can 
generate 240 5 x 8 dot character patterns. 
Table8 shows correspondence between the 
EPROM address data and the character pattern. 


Table 8 
Example of Correspondence between EPROM Address Data and Character Pattern 
(5 x 8 dots) 


EPROM Address 
MSB 
Data 
LSB 


A11 A10A9 
As 
A7 
As 
As 
A4 :A3: 
A2 
A1 
Ao 
0403 
02 0100 
, 
, 


0 
0 
0 
0 
0: 
0 
0 
0 
, 
0: 
0 
0 
1 
, 
0: 
0 
1 
0 
, 
0: 
0 
1 
1 
, 
0: 
1 
0 
0 
0: 
1 
0 
1 
-:0: 
1 
1 
0 
, 
1 
1 
1 
0: 
" 
/\.....J'-- 
/ 


Character 
code 
"0" 
Line position 


Notes: 
1. EPROM 
addresses 
A11 to A4 correspond 
to a character 
code. 
2. 
EPROM 
addresses 
A2 to Ao specify the line position 
of the character 
pattern. 
EPROM 
address 
A3 should be set to "0" 
3. 
EPROM 
data 04 to 00 correspond 
to character 
pattern data. 


4. 
Areas which are lit (indicated 
by shading) 
are stored as "1", and unlit areas as "0". 


5. The eighth line is also stored 
in the CGROM, 
and should also be programmed. 
If the eighth line 
is used for a cursor, this data should all be set to zero. 


6. 
EPROM 
data bits 07 to 05 are invalid. 
"0" should be written in all bits. 


- 
Handling unused character patterns 


1. EPROM data outside the character pattern 
area: 
This 
is ignored 
by the character 
generator ROM for display operation so any 
data is acceptable. 


2. EPROM data in CG RAM area: Always fill 
with zeros. 


3. Treatment 
of unused user patterns 
in the 
HD66712 EPROM: 
According to the user 
application, these are handled in either of two 
ways: 


i. 
When unused character patterns are not 
programmed: 
If an unused character code 
is written into 00 RAM, all its dots are lit, 
because the EPROM is filled with Is after 
it is erased. 


ii. When unused 
character 
patterns 
are 
programmed 
as Os: Nothing is displayed 
even if unused character codes are written 
into 00 RAM. 
(This is equivalent to a 
space.) 


Initializing by Internal Reset Circuit 


An internal reset circuit automatically initializes 
the HD66712 when the power is turned on. The 
following instructions are executed during the 
initialization. 
The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state .lasts for 15 ms after Vcc rises to 
4.5 V or 40 ms after the Vcc rises to 2.7 V. 


1. Display clear: 
(20)H to all DDRAM 


2. Set functions: 
DL = 1: 8-bit interface data 
N = 1:2-line display 
RE = 0: Extension register write disable 
BE = 0: CGRAM/SEGRAM blink off 
LP = 0: Not in low power mode 


3. Control display on/off: 
D = 0: Display off 
C = 0: Cursor off 
B = 0: Blinking off 
4. Eet entry mode: 
lID = 1: Increment by 1 
S = 0: No shift 


5. Set extension functicln 
FW = 0: 5-dot character width 
B/W = 0: Normal cursor (eighth line) 
NW = 0: 1- or 2-line display (depending on N) 


6. Enable scroll 
HSE =ססoo: Scroll unable 


7. Set scroll amount 
HDS = o00ooo: Not scroll 


Note: If the electrical characteristics conditions 
listed 
under 
the table 
Power 
Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD66712. 


HD66712 


Initializing by Hardware Reset Input 


The LCD-II/F12 
also has a reset input pin: 
RESET·. 
If this pin is made low during 
operation, an internal reset and initialization is 
performed. This pin is ignored, however, during 
the internal reset period at power-on. 


The HD66712 can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 


For 4-bit interface data, only four bus lines 
(DB4 to DB7) are used for transfer. Bus lines 
DBo to DB3 are disabled. 
The data transfer 
between 
the HD66712 
and the MPU is 
completed 
after 
the 4-bit 
data has been 
transferred twice. 
As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB4 to DB7) are transferred before 
the four low order bits (for 8-bit operation, 
DBoto DB3). 


The 
busy 
flag 
must 
be 
checked 
(one 
instruction) 
after the 4-bit data has been 
transferred twice. Two more 4-bit operations 
then transfer the busy flag and address counter 
data. 


For 8-bit interface data, all eight bus lines 
(DBo to DB7)are used. 


When the 1M pin is low, the HD66712 uses a 
serial interface. 
See "Transferring 
Serial 
Data". 


Instruction register (IR) 
write 


Busy flag (BF) and 
address counter (AC) 
read 


Transferring Serial Data 


When the 1M pin (interface mode) is low, the 
HD66712 enters serial interface mode. 
A three- 


line clock-synchronous 
uansfer method is used. 


The HD66712 receives serial input data (SID) and 
uansmits 
serial output data (SOD) by 


synchronizing 
with a uansfer clock (SCLK) sent 


from the master side. 
When the HD66712 interfaces with several chips, 
chip select pin (CS*) milst be used. The uansfer 
clock (SCLK) input is activated by making chip 
select (CS*) low. In addition, the uansfer counter 
of the LCD- II/FI2 can be reset and serial transfer 
synchronized 
by making chip select (CS*) high. 


Here, since the data which was being sent at reset 
is cleared, restart the transfer from the frrst bit of 
this data. 
In the case of a minimum 
I to I transfer 


system with the LCD-II/FI2 
used as a receiver 


only, an interface can be established 
by the 


uansfer clock (SCLK) and serial input data (SID). 
In this case, chip select (CS*) should be fixed to 
low. 
The transfer clock (SCLK) is independent 
from 


operational 
clock (CLK) of the LCD-II/FI2. 


However, when several instructions 
are 


continuously 
uansferred, 
the instruction execution 


time determined 
by the operational 
clock (CLK) 


(see continuous 
transfer) must be considered 
since 


the LCD-II/FI2 
does not have an internal 


uansmit/receive 
buffer. 


To begin with, uansfer the start byte. 
By receiving 
five consecutive 
bits (synchronizing 
bit string) at 
the beginning of the start byte, the uansfer counter 
of the LCD-II/FI2 
is reset and serial transfer is 
synchronized. 
The 2 bits following the 
synchronizing 
bit string (5 bits) specify transfer 
direction (RIW bit) and register select (RS bit). 
Be 
sure to transfer 0 in the 8th bit. 
After receiving the start byte, instructions 
are 
received and the data/busy flag is uansmitted. 
When the transfer direction and register select 
remain the same, data can be continuously 
transmitted 
or received. 
The transfer protocol is described in detail below. 


- 
Receiving 
(write) 
After receiving the start synchronization 
bits, the 
RIW bit (= 0), and the RS bit with the start byte, 
an 8-bit instruction 
is received in 2 bytes: the 
lower 4 bits of the instruction are placed in the 
LSB of the frrst byte, and the higher 4 bits of the 
instruction are placed in the LSB of the second 
byte. 
Be sure to transfer 0 in the following 4 bits 
of each byte. When instructions 
are continuously 
received with RIW bit and RS bit unchanged, 
continuous 
transfer is possible (see "Continuous 
Transfer" below). 
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Execullon 


- 
Transmitting 
(read) 


After receiving the start synchronization 
bits, the 
R/W bit (= I), and the RS bit with the start byte, 8- 
bit read data is transmitted 
in the same way as 
receiving. 
When read data is continuously 
transmiued 
with R/W bit and RS bit unchanged, 
continuous 
transfer is possible (see "Continuous 
Transfer" below). 
Even at the time of the transmission 
(the data 
output), since the HD66712 monitors the start 
synchronization 
bit string ("11111") by the SID 
input, the HD66712 receives the R/W bit and RS 
bit after detecting the start synchronization. 
Therefore, 
in the case of a continuous 
transfer, fix 
the SID input "0". 


When instructions 
are continuously 
received with 
the R/W bit and RS bit unchanged, 
continuous 
receive is possible without inserting a start byte 
between instructions. 
After receiving the last bit (the 8th bit in the 2nd 
byte) of an instruction, 
the system begins to 


To execute the next instruction, 
the instruction 
execution time of the LCD-II/F12 
must be 
considered. 
If the last bit (the 8th bit in the 2nd 
byte) of the next instruction is received during 
execution of the previous instruction, 
the 
instruction will be ignored. 
In addition, if the next unit of data is read before 
read execution of previous data is completed 
for 
busy flag/address 
counter/RAM 
data, normal data 
is not sent. To transfer data normally, the busy 
flag must be checked. 
However, it is possible to 
transfer without reading the busy flag if wiring for 
transmission 
(SOD pin) needs to be reduced or if 
the burden of polling on the CPU needs to be 
removed. 
In this case, insert a transfer wait so that 
the current instruction first completes execution 
during instruction transfer. 


nstruCllon 
Sl 
e 
2nd 
Ie 
Instruction (2) 
Instruction (3) 
Execution ime 
Execullon time 


Only the instruction register (IR) and the data 
register (DR) of the HD66712 can be controlled by 
the MPU. Before starting internal operation of the 
HD66712, control information 
is temporarily 


stored in these registers to allow interfacing with 
various MPUs, which operate at different speeds, 
or various peripheral control devices. The internal 
operation 
of the HD66712 
is determined 
by 
signals sent from the MPU. These signals, which 
include register selection (RS), read/write (R/W), 
and the data bus (DBo to DB7), make up the 
HD66712 instructions (table 11). There are four 
categories of instructions that: 


Designate HD66712 .functions, such as display 
format, data length, etc. 


Normally, instructions that perform data transfer 
with internal RAM arc used the most. However, 


auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD66712 RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 16) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 


When an instruction is being executed for internal 
operation, 
no instruction 
other than the busy 
flag/address read instruction can be executed. 


Because 
the busy flag is set to 1 while an 
instruction is being executed, check it to make 
sure it is 0 before sending another instruction from 
theMPU. 


Note: Be sure the HD667I2 is not in the busy 
state (BF = 1) before sending an instruction 
from the MPU to the HD66712. 
If an 
instruction is sent without checking the 
busy flag, 
the· time between 
the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 11for the list of each instruc- 
tion execution time. 


Clear display 
writes space code (20)H (character 
pattern 
for character 
code (20)H must be a blank 
pattern) 
into all DD RAM addresses. 
It then sets 
DD RAM address 0 into the address counter, and 
returns 
the display 
to its original 
status if it was 
shifted. 
In other words, the display disappears and 
the cursor or blinking 
goes to the left edge of the 
display (in the first line if 2 lines are displayed). 
It 
also sets lID to 1 (increment 
mode) in entry mode. 
S of entry mode does not change. 


Return 
home 
sets DD RAM 
address 
0 into the 
address 
counter, 
and returns 
the display 
to its 
original 
status if it was shifted. 
The DD RAM 
contents do not change. 


The cursor or blinking goes to the left edge of the 
display 
(in the f1l'st line if 2 lines are displayed). 


In addition, 
flicker may occur in a moment at the 
time of this instruction issue. 


Entry 
Mode Set 


lID: Increments 
(lID = 1) or decrements 
(lID = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 


The cursor 
or blinking 
moves 
to the right when 
incremented 
by 
1 
and 
to 
the 
left 
when 
decremented 
by 1. 
The same applies 
to writing 
and reading of CG RAM and SEG RAM. 


S: Shifts 
the entire 
display 
either 
to the right 
(lID = 0) or to the left (lID = 1) when S is 1 during 
DD RAM write. 
The display does not shift if S is 
O. 


If S is 1, it will seem as if the cursor 
does not 
move but the display does. 
The display does not 
shift when reading from DD RAM. 
Also, writing 
into or reading out from CG RAM and SEG RAM 
does not shift the display. 
In a low power mode 
(LP = 1), do not set S = 1 because 
the whole 
display does not normally shift. 


When extension register enable bit (RE) is 0, bits 
D, C, and B are accessed. 


D: The display is on when D is 1 and off when D 
is O. When off, the display data remains in DD 
RAM, but can be displayed instantly by setting 
D to 1. 


C: The cursor 
is displayed 
when C is 1 and not 
displayed 
when 
C is O. 
Even 
if the 
cursor 
disappears, 
the 
function 
of 
I/D 
or 
other 
specifications 
will not change during display data 
write. 
The cursor is displayed 
using 5 dots in the 
8th line for 5 x 8 dot character font. 


B: The character 
indicated 
by the cursor 
blinks 
when B is 1 (figure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters 
at a speed of 370-ms intervals when fcp 
or fose 
is 270 kHz. 
The cursor and blinking 
can 
be set to display 
simultaneously. 
(The blinking 
frequency 
changes 
according 
to fose 
or the 
reciprocal 
of fep. 
For 
example, 
when 
fep is 
300 kHz, 370 x 270/300 = 333 ms.) 


When the extended 
register enable 
bit (RE) is 1, 
FW, BIW, and NW bit shown below are accessed. 
Once these registers 
are accessed, 
the set values 
are held even if the RE bit is set to zero. 


FW: When FW is 1, each displayed 
character 
is 
controlled with a 6-dot width. 
The user font in CG 
RAM 
is displayed 
with a 6-bit 
character 
width 
from bits 5 to O. As for fonts stored in CG ROM, 
no display area is assigned to the leftmost bit, and 
the font is displayed 
with a 5-bit character 
width. 
If the FW bit is changed, data in DD RAM and CG 
RAM SEG RAM is destroyed. 
Therefore, 
set FW 
before data is written to RAM. 
When font width 
is set to 6 dots, the frame frequency 
decreases 
to 
5/6 compared 
to 5-dot 
time. 
See 
"Oscillator 
Circuit" for details. 


BIW: When BIW is 1, the character 
at the cursor 
position 
is cyclically 
displayed 
with black-white 
invertion. 
At this time, bits C and B in display 
on/off control register are "Don't care". 
When fcp 
or fosc 
is 270 
kHz, 
display 
is changed 
by 
switching every 370 ms. 


HITACHI 


NW: When NW is I, 4-line display is performed. 
At this time, bit N in the function set register is 
"Don't care". 
I~ 
·1'11 
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iii) White-black inverting 
display example 


a) Cursor Blink Width Control 
• 


Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 9). 
This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the flfStline. In a 4-line 
display, the cursor moves to the second line when 
it passes the 20th character of the line. Note that, 
all line displays 
will shift at the same time. 


When the displayed data is shifted repeatedly each 
line moves only horizontally. 
The second line 
display does not shift into the first line position. 
When this instruction 
is executed, 
extended 
register 
enable 
bit 
(RE) 
is 
reset. 


The address counter (AC) contents will not change 
if the only action performed is a displ~y shift. 
In low power mode (LP = I), whole-display shift 
cannot be normally performed. 


Scroll Enable 


When extended register enable bit (RE) is I, 
scroll enable bits can be set 


Only when the extended register enable bit (RE) is 
I, the BE and the LP bits shown below can be 
accessed. Bits DL and N can be accessed 
regardless of RE. 


Table 9 Shift Function 


SIC 
AIL 


DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB? to DBo) when 
DL is I, and in 4-bit lengths (DB? to DB4) when 
DL is O. When 4-bit length is selected, data must 
be sent or received twice. 


N: When bit NW in the extended function set is 0, 
a 1- or a 2-line display is set 
When N is 0, I-line 
display is selected; when N is I, 2-line display is 
selected. When NW is I, a 4-line display is set. 
At this time, N is "Don't care". 


RE: When bit RE is I, bit BE in the extended 
function set register, the SEGRAM address set 
register, and the function 
set register 
can be 
accessed. 
When bit RE is 0, the registers 
described above cannot be accessed, and the data 
in these registers is held. 


To maintain compatibility with the HD:44780,the 
RE bit should be fixed to O. 


BE: When the RE bit is I, this bit can be 
rewritten. 
When this bit is I, the user font in 
CGRAM and the segment in SEGRAM can be 
blinked 
according 
to the upper two bits of 
CGRAM and SEGRAM. 


Shifts the cursor position 
to the left. 
lAC is.decremented 
by one.) 


Shifts the cursor position 
to the right. 
lAC is incremented 
by one.) 


Shifts the entire display to the left. 
The cursor follows the display shift. 


Shifts the entire display to the right. 
The cursor follows the display 
shift. 


LP~ When bit RE is I, this bit can be rewritten. 
When LP is set to 1 and the EXT pin is low 
(without 
an extended 
driver), 
the HD667I2 
operates in low power mode. 
In I-line display 
mode, the HD667I2 
operates on a 4-division 
clock, and in a 2-line or a 4-line display mode, the 
HD667I2 
operates 
on a 2-di vision 
clock. 
According 
to these 
operations, 
instruction 
execution takes four times or twice as long. Note 
that in low power mode, display shift cannot be 
performed. The frame frequency is reduced to 5/6 
that of normal operation. See "Oscillator Circuit" 
for details. 
Note: Perform the DL, N, NW, and FW fucntions 
at the head of the program before executing any 
instructions (except for the read busy flag and 
address instruction). 
From this point, if bits N, 
NW, or FW are change4 after other instructions 
are executed, RAM contents may be broken. 


Set CG RAM Address 


A CG RAM address can be set while the RE bit is 
cleared to O. 


Set CG RAM address into the address counter 
displayed by binary AAAAAA. After this address 
set, data is written to or read from the MPU for 
CGRAM. 


Set SEGRAM Address 


Only when the extended register enable (RE) bit is 
I, HS2 to HSOand the SEGRAM address can be 
set. 


The SEGRAM address in the binary form AAAA 
is set to the address counter. After this address set, 
SEGRAM can be written to or read from by the 
MPU. 


Set DD RAM Address 


A DD RAM address can be set while the RE bit is 
cleared to O. Set DD RAM address sets the DD 
RAM address binary AAAAAAA into the address 
counter. 


After this address set, data is written to or read 
from the MPU for DD RAM. 


However, when Nand NW is 0 (I-line display), 
AAAAAAA can be (OO)Hto (4F)H. When N is 1 
and NW is 0 (2-line display), AAAAAAA is (00) 
H to (27)H for the first line, and (40)H to (67)H 
for the second line. 
When NW is 1 (4-line 
display), AAAAAAA is (OO)Hto (13)H for the 
first line, (20)H to (33)H for the second line, (40)H 
to (53)H for the third line, and (60)H to (73)H for 
the fourth line. 


Set Scroll Quantity 


When extended registor enable bit (RE) is I, 
HDS5 to HDSOcim be set. 


HDS5 to HDSOspecifies horizontal scroll quantity 
to the left of the display 
in dot units. 
The 
HD667I2 
uses the unused DDRAM area to 
execute a desired horizontal smooth scroll from 1 
to 48 dots. 


Note: When performing a horizontal scroll as 
described above by connecting an extended driver, 
the maximum number of characters 
per line 
decreases 
by the quantity 
set by the above 
horizontal 
scroll. 
For example, 
when 
the 
maximum 24-dot scroll quantity (4 characters) is 
used with 6-<1otfont width and 4-line display, the 
maximum numbers of characters is 20 - 4 = 16. 
Notice that in low power mode (LP = I), display 
shift and scroll cannot be performed. 


HD66712 


Read Busy Flag and Address 


Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is I, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to O. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out. 
This address counter is used by both CG, DD, and 
SEG RAM addresses, and its value is determined 
by the previous instruction. The address contents 
are the same as for CG RAM, DD RAM, and SEG 
RAM address set instructions. 


This 
instruction 
writes 
8-bit 
binary 
data 
DDDDDDDD to CG, DD or SEG RAM. CG, DD 
or SEG RAM is selected 
by the previous 
specification of the address set instruction (CG 
RAM address set I DD RAM address set I SEG 
RAM address set). After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift direction. 


This instruction reads 8-bit binary data 
DDDDDDDD from CG, DD, or SEG RAM. CG, 
DD or SEG RAM is selected by the previous 
specification of the address set instruction: If no 
address is specified, the first data read will be 
invalid. When executing serial read instructions, 


HDS5 
HDS4 HDS3 
HDS2 HDS1 HDSO 


0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 
0 .. 


0 


the next address is normally read from the next 
address. An address set instruction need not be 
executed just before this read instruction when 
shifting the cursor by a cursor shift instruction 
(when reading from DD RAM). A cursor shift 
instruction is the same as a set DD RAM address 
instruction. 


After a read, 
the entry mode automatically 
increases or decreases the address by 1. However, 
a display shift is not executed regardless of the 
entry mode. 


Note: The address counter (AC) is automatically 
incremented or decremented 
after write 
instructions to CG, DD or SEG RAM. The 
RAM data selected by the AC cannot be 
read 
out 
at 
this 
time 
even 
if 
read 
instructions are executed. 
Therefore, to 
read data correctly, 
execute 
either 
an 
address set instruction or a cursor shift 
instruction 
(only 
with 
DD RAM), 
or 
alternatively, execute a preliminary read 
instruction to ensure the address is correctly 
set up before accessing the data. 


Description 


No shift 


Shift the display position to the 
left by one dol. 


Shift the display position to the 
left by two dots. 


Shift the display position to the 
left by three dots. 


Shift the display position to the 
left by forty-seven dots. 
Shift the display position to the 
left by forty-eight dots. 


Inatructlon 


Clear 
display 


RE 
Code 
bit 
RS 
RJW DB7 DBS DBS DB4 DB3 DB2 DB1 DBO 


0/1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


Execution TIme 
(max) (when fcpor 
o.acrlptlon 
fose la 270kHz) 


Clears entire display and 
sets DO RAM address 0 
1.52 ms 
in address counter. 


Sets DO RAM address 0 
IN address counter. Also 
returns display from 
being shifted to original 
position. DDRAM cont- 
ents remain unchanged. 


Sets cursor move 
direction and specifies 
display shift. These 
operations areperformed 
during data write and read. 


Sets entire display (D) 
on/off, cursor on/off (C), 
and blinking of cursor 
position character (B). 
-------------------------------------------------------------------------------------- 
Extension 
0 
0 
0 
0 
0 
0 
FW 
BlW NW 
Sets a font width, a b1ack- 


function 
white inverting cursor 


set 
(BlW), and a 4-line 
display (NW). 


Return 
home 


Entry 
mode set 


Display 
on/off 
control 


Cursor or 
0 
0 
0 
0 
0 
0 
SIC 
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- 
- 
Moves cursor and shifts 


display 
display without changing 


shift 
DO RAM contents. 
-------------------------------------------------------------------------------------- 
Scroll enable 
1 
0 
0 
0 
0 
0 
HSE HSE HSE HSE 
Specifies which display 
lines to undergo horizont- 
al smooth scroll. 


Sets interface data length 
(Dl), number of display 
lines (l), and extension 
register write enable (RE». 


---------------O--O----O---O-------OC--N---RE--SE-LP---S;t;C-GRA~EGRAii-------------- 


blinking enable (BE), and 
power-down mode (lP). 
lP is available when the 
EXT pin is low. 


Set 
0 
0 
0 
0 
Aco 
Aco 
Aco Aco 
Aco ACG Sets CG RAM address. 
CGRAM 
CG RAM data is sent and 
3711S 
~~!! 
!~~i~~!~~~~~_~e~~~~ _ 


Set 
0 
0 
0 
•• 
AsEOAsEGAsEGASEGSets SEGRAM address. 


SEGRAM 
DORAM data is sent and 
address set 
received after this setting. 
Also sets a horizontal dot 
scroll quantity (HDS). 


Set DORAM 
0 
0 
0 
Aoo Aoo ADD Aoo ADD ADD ADD Sets DO RAM address. 


address 
DO RAM data is sent and 
37 ILS 
______________________________________________________ 
!~~i~~!~~~~~_~e~~~~ _ 


Set sacll 
0 
0 
• 
HDS 
HDSHDSHDS HDS HDS Sets horizontal dot scroll 
371LS 
quantity 
quantity. 


Function 
set 


Instruction 


Read busy 
flag & 
address 


RE 
Code 
bit 
RS 
ANI 
DB7 DBS DBS DB4 DB3 DB2 DB1 DBO 


011 
0 
1 
BF 
AC 
AC 
AC 
AC 
AC 
AC 
AC 


Description 


Reads busy flag (BF) 
indicating internal operat- 
ion is being performed 
and reads address 
counter contents. 


Execution Time 
(max) (when fop or 
fose Is 270 kHz) 


Write data 
to RAM 


Read data 
from RAM 


Writes data into DO RAM, 
37 J1S 
CG RAM, or SEGRAM. 
lADD= 5.5 J1S- 


Reads data from DO RAM, 37 J1S 
CG RAM, or SEGRAM. 
lADD= 5.5 j.lS- 


DO RAM: Display data RAM 
ADD:DO RAM address (corresponds to 
cursor address) 
CG RAM: Character generator RAM 
ACG:CG RAM address: 
SEGRAM: Segment RAM 
ASEG:Segment RAM address 
HSE: Specifies horizontal scroll lines 
HDS: Horizontal dot scroll quantity 
AC: Address counter used for both DO, CG, 


and SEG RAM addresses. 


lID 
= 1: Increment 
lID 
= 0: 
Decrement 
S 
a 1: Accompanies display shift 
o 
= 1: Display on 
C 
= 1: Cursoron 
B 
= 1: Blinkon 
FW 
= 1: 6-dot font width 
BIW = 1: Black-white inverting cursor on 
NW 
= 1: Four lines 
NW 
= 0: 
One or two lines 
SIC 
= 1: Display shift 
SIC 
= 0: 
Cursor move 
RIL 
= 1: Shift to the right 
RIL 
= 0: 
Shift to the left 
DL 
= 1: 8 bits, DL = 0: 4 bits 
N 
= 1: 2 lines, N = 0: 1 line 
RE 
= 1: Extension register access enable 
BE 
= 1: CGRAMISEGRAM blinking enable 
LP 
= 1: Low-power mode 
BF 
= 1: Internally operating 
SF 
= 0: 
InstrUctions acceptable 


Note: 
1. - 
incicates no effect 
-After execution of the CG RAM/DO RAM data write or read instruction, the RAM address counter is 
incremented or decremented by 1. The RAM address counter is updated after the busy flag turns off. 
In figure 18, lADDis the time elapsed after the busy flag turns off until the address counter is updated. 


2. 
Extension time changes as frequency changes. For example, when f is 300 kHz. the execution time is: 
37 J1S x 2701300= 33 J1S. 


3. 
Execution time in a low-power mode (LP - 1 & EXT -low) 
becomes four times for a l-1ine mode, and 
twice for a 2- or 4-line mode. 


- 
Boo, 'lot. 4------------- 
, 


A 
1 
:.• 


Busy state 
(O~ 
pin) 


Address counter 
(OBo to OB6 pins) 


tADD 


tADD depends on the operation frequency. 
t ADD • 1.5/(1cp or fase) seconds 


X 
A_+_1 
_ 


- 
Interface with 8·Bit MPUs 


The HD66712 can interface directly with an 8-bit 
MPU using the E clock, or with an 8-bit MCU 
through an I/O port. 


When the number of I/O ports in the MCU, or the 
interfacing bus width, if limited, a 4-bit interface 
function is used. 


Internal 
signal 
_______ 
---'I 


DB7 
7JlX 
Data YI!lllJ Busy VllllllJ BusXIJ//A 
~~~y~ 


Instruction 
write 
I Busy flag check I Busy flag check I Busy flag check I ~~:~uction 


AO 
FWI 
00-07 


VMA 
,,2 


A15 


AS 
FWI 
DBe-DB7 


co 
E 


C1 
. 
AS 
HB1325 
C2 
. 
FWI 
LCD·IIIF12 


Ae-A7 
...• 
8~ 
- 
DBo-DB7 


The HD66712 can interface with a 4-bit MCU 
through an I/O port. 4-bit data representing 
high 
and low order bits must be transferred sequentially. 


The DL bit in function-set 
selects 4-bit or 8-bit 
interface data length. 


Internal 
signal ---, 


Instruction 
write 
I 
ln~truction 
wnte 


HMCS4019R 
LCD·II/F12 


015 
~ 
RS 
. 
014 
~ 
R!IJ 
013 
~ 
E 
4 
0B4-DB7 
R1o-R13 
, 


HD66712 


The oscillator frequency can be 
adjusted by oscillator resistance 
(Rf). If Rf is increased or power 
supply voltage is decreased, the 
oscillator frequency decreases. 
The recommended 
oscillator 
resistor is as follows . 


OSC1 


OSC2 


• AI = 91 kn ± 2% (Vee = 5 V) 
• Rf = 75 kn ± 2% (Vee = 3 V) 


213141-------1161171112131-------1161171 


Vcc 


COM1 
:: I 
~ 
- 
~~ 
L 
.•1~----·1 
frame 
»I~ 
1frame 
»1 


Item 


Une 88lecllon period 


Frame frequency 


Norm" 
Dleplay Mode (LP. 
0) 
5-Dot Font Width 
6-Dot Font Width 


200 clocks 
240 docks 
79.4 Hz 
66.2 Hz 


Low Power Mode (LP .1) 
5·Dot Font Width 
6-Dot Font Width 


60clocks 
72docks 
66.2 Hz 
55.1 Hz 


(2) 1 133duty cycle 
Hne •• _ 
period 


Vcc 
V1 


COM1~:;;J 
1-~~----1 
trame 


I 
3 I 4 1-------1 
321 331 
1 1 2 I 3 1-------1 
321 33/ 
I 


Rem 


Une I18lecllon period 


Frame frequency 


Norm" Display Mode (LP. 
0) 


5-Dot Font Width 
6-Dot Font Width 
100 clOCks 
120 clocks 


81.8 Hz 
66.2 Hz 


Low Power Mode (LP = 1) 


5-Dot Font Width 
6-Dot Font Width 
60 docks 
72docks 


66.2 Hz 
58.8 Hz 


• 
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Power Supply for Liquid Crystal 
Display Drive 


1) When an external power supply is used 


Vet; 


Vel 
Vet; 


Vl 
GNO 
=- 
V2 


llLf 
Cl 
V3 
+ 
C2 


V50UT2 
V4 


- 
V50UT3 
V5 


(Boosting 
three times) 


Vcc 


Vci 
Vcc 


Vl 
R 


GND 
R 
-=- 
V2 


lJlF 
Cl 
V3 
RO 


+ 
C2 
R 
V50UT2 
V4 
R 
lJlF:II. 
V50UT3 
V5 


.". 


lJlF~ 
lJlFotI. 


Notes 
1. Boosted 
output voltage 
should not exceed the maximum 
value (13 V) of the liquid crystal 
power supply voltage. 
Especially, 
a voltage of over 4.3 V should not be input to the reference 
voltage 
(Vci) when boosting 
three times. 


2. A voltage 
of over 5.5 V should 
not be input to the reference 
voltage 
(Vci) when boosting twice. 


Figure 2S Example of Power Supply for Liquid Crystal Display Drive 


Table 12 Duty Factor and Power Supply for Liquid Crystal Display Drive 


Item 
Data 


Number 
of Lines 
1 
2/4 


Duty factor 
1/17 
1133 


Bias 
115 
116.7 


Divided 
resistance 
A 
A 
A 


RO 
A 
2.7R 


By bringing the EXT pin high, extended driver 
interface signals (CLl, CL2, D, and M) are output. 


a) l-chip 
operation 
(EXT - Low. 5-dot font widlh) 


LCD-I1lf12 


SEG1- 
SEGGO 


b) When using the extension 
driver 
(EXT - High. 5-dot font widlh) 


Vcc 


EXT 


LCD-II/F12 


Mo 
Cl2 
CLl 
Extension 
driver 


Se91- 
Seg40 


Table 13 Relationships between the Number or Display Lines and 40-0utput 
Extension Driver 


COntroller 


LCD·II/F12 
LCD-II/F8 
HD44780 
HD66702 


Display LInes 
5-00t Width 
6·00t Width 
5-00t Width 
6-00t Width 
5-00t Width 5·00t Width 


16 x 2 lines 
Not required 
Not required Not required 
1 
1 
Not required 


20 x 2 lines 
Not required 
Not required 
1 
1 
2 
Not required 


24x 2 lines 
Not required 
1 
1 
2 
2 
1 


40 x 2 lines 
Disabled 
Disabled 
Disabled 
Disabled 
4 
3 


12 x 4 lines 
Not required 
1 
1 
1 
Disabled 
Disabled 


16 x 4 lines 
1 
1 
1 
2 
Disabled 
Disabled 


20 x 4 lines 
1 
2 
2 
3 
Disabled 
Disabled 


Note: The number of display lines can be extended to 32 x 2 lines or 20 x 4 lines in the LCD-1I1F12. 
The number of display lines can be extended to 30 x 2 lines or 20 x 4 lines in the LCD-II/Fa. 


• 


Table 14 Display Start Address in Each Mode 


Number of Lines 


1-L1neMode 


5 dot 
6 dot 


D00±1 
D00±1 


DOC±1 
DOA±1 


Output 


COM1-eOM8 


COM9-COM16 


COM17-eOM24 


COM25-eOM32 


COMO/COM17 


COMO/COM33 


2·Llne Mode 
4·Llne Mode 


5 dot 
6 dot 
5 doll6 dot 


DOO±1 
D00±1 
DOO±1 


DOC±1 
DOA±1 
D20±1 


D40±1 
D40±1 
D40±1 


D4C±1 
D4A±1 
D60±1 


SOO 
SOO 
SOO 


Notes: 
1. 
The number of display lines is determined by setting the N/NW bit. The font width is 
determined by the FW bit. 


2. 
D·· is the start address of display data RAM (DDRAM). 


3. 
S·· is the start address of segment RAM (SEGRAM). 


4. 
±1 following D·· indicates increment or decrement at display shift. 


12345 
678 
91011121314151617181920212223242526272829303132 


COM1-e0M8 
~~COM9-COM16 


COM17~4 
~COM25-C0M32 


lCD-11IF12 
lCD·11IF12 
Extension 
SEGl-5EG60 
5EGl-5EG60 
driver 
5egl-50g40 


COM1-e0M8 


COM17-eoM24 


1 2 
345 
6789 
10 
11121314151617181920 
21222324 
,oo[oI1333~~~j~ t±1oclj~l~,~~ 
COM9-COMI6 


COM25-COM32 


lCD·11IF12 
lCD.11IF12 
Extension 
5EGI-5EG60 
5EGI-5EG60 
driver 
5egl-5eg24 


COM&-COM16 


COM17-eOM24 


d) 6~t 
font width: 20 X 4-llne display 


1 2 
3 4 5 6 7 8 9 10 11121314151617181920 


COMl-eOM8-i 
+"3 
",13 ••1011.+3 3++alOCJ oct30+1 ++1 


COM9-eoM16-i '3 


211"'1"1''1''12113 3 aH"''''I2CJ 2iJ"I"E]m 


COMI7-eoM24-A"1 
"I°13 ••1••1'1 3 "~1-3 -i-3"llOlill 


COM25-e0M32-{333"1 
j·I"II7~El±B 1fl±tf3 


.•.. 
., 
•. 
'''''---' 
lCD-11IF12 
Extension 
Extension 
SEGI-5EG60 
driver (1) 
driver (2) 
5eg1-5eg40 
Segl-5eg20 


Figure 27 Correspondence between the Display Position at Extension Display and the DDRAM 
Address 


• 


Set the extended driver control signal output, the 
number of display lines, and the font width with 
the EXT pin, an extended register NW, and the 
FW bit, respectively. The relationship between the 


the number of display lines, EXT pin, and register 
value is given below. 


Table 15 Relationship between Display Lines, EXT Pin, and Register Setting 


_______ 
5_Do_t_F_o_n_t 
6~Do~t~Fo=n~t~ 
_ 
EXT 
Extended 
Reglstor setting 
EXT Extended Reglstor setting 
Pin 
Driver 
N 
RE NW FW 
Pin 
DrIver 
N 
RE NW 
FW 
Duty 


Noof 
No. of 


Lines Character 


20 
L 
0 
0 
0 
0 
L 
0 
1 
0 
1 
1/17 


24 
L 
0 
0 
0 
0 
H 
1 
0 
1 
0 
1 
1/17 


40 
H 
2 
0 
0 
0 
0 
H 
3 
0 
1 
0 
1 
1/17 


2 
20 
L 
1 
0 
0 
0 
L 
1 
1 
0 
1 
1/33 


24 
L 
1 
0 
0 
0 
H 
1 
1 
1 
0 
1 
1/33 


32 
H 
1 
0 
0 
0 
H 
2 
1 
1 
0 
1 
1/33 


4 
12 
L 
1 
1 
0 
H 
1 
1 
1 
1 
1133 


16 
H 
1 
1 
0 
H 
1 
1 
1 
1 
1/33 


20 
H 
1 
1 
0 
H 
2 
1 
1 
1 
1/33 


Note: - 
means not required. 


....•....•....•.... 
_. 
12 
1:T-- -- ---- _.--_. 24 
LCD-lVF12 


COMI 


gagiii 
COM7 
CClMO= 
- 


i~l 
iW 
SEG. 
SEG. 


SEGto 
~ 
ca.l'. 
ggjll 
12 
ca ••• 
~,. 
r 
EXT 
l~ 


Note: COMO and 
COM17 output the 
same signals. 
Apply them 
according to the 
wiring pallern. 


LCD-IVF12 
1 
---_ ..__ ._---_. 
12 
13-------------_· 
24 
• 
Note: CO 


COMI - 
COM330 
ggjJ = 
same sign 
CClM4 = 
~ 
Apply the 
according 
ca.l. 
wiring pall 
COMlY 


ggj:: 


COM23 
COMO. 
.•.. - 
(= 
SEGl 
SEG2 
iW 
$£as 
SEGf 


SEQfO 
ea.tt 
COMI. 
ggjll ,. 
11 
13 
I. 
IS 
COM •• 
~ 
COM2O 
~~ 
lJ8l:lr. 
.r EXT 
COM:I2 


MOand 
utPUIthe 
a1s. 
m 
to the 
em. 


1 
2 
____________________________________________ 
. 
12 


LCl).U1F12 
I) 


COMIlI 
OOM16II 
COM33 
(COM)) 
~Em 
f--- 


~~el 
I 


1110 
r mcr lIE 


LCD-IVF12 
1 -- - -- - -- --- --- ------ 
- - - -_. 
12 
13 -------------- 
~ 
<XlOO 
~ 
<:aM 
g:: 


li8lf.. 
00'''. 
<X>MI> 
<X>MI> 
<X>MI< 
taQ> 
<X>M" 


881:"" 
alIm 
cna. 
all&! 
COW<= 
!BIlK 
00MnE 


"""'" 
f-- 


P*OI 


SE.' 
f-- 


~I 
•••• 
SE•• 
SE••• 
,",U07 
SE••• 
EXT 
SE." 
'"'UIO 


Extension :3 
driver 
I. 


SE 
•• w 
SE 
SE•..•. 


Note: COMO and C0M33 
output the lame 
lignall. 


Apply them according 
to the 
wiring panern. 


Note: COMO and COM33 


output the same lignals. 


Apply them according 
to the 


wiring pattern. 


Note· COMO and C0M33 


signals. 


according to the 
LCD-IW:12 
1 ------------.----. 
10 
11 ------------------- 
20 
output the same 


FBI 
Apply 
them 


OCNO 
wiring pattern. 
!!8ll!!! 
~1; 
fBllI 


""""filS 
00M24 
/i2llil 
lEG. 
- 
~ 
==-- 
EGO 
==- 
•••• 
ft~ 
n8U 
"'.... 
"'co. 
<XlMO 
liSli 
~ .. 
14 
co•••• 
<X" ••• 
~ 
CX*l'= 
r- EXT 
lIlIlft 
~ 


Instruction 
and Display Correspondence 


8-bit operation, 24-digit x I-line display with 
internal reset 


Refer 
to table 
16 for an example 
of an 
24-digit x I-line display in 8-bit operation. 
The LCD-II/F12 functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, a character unit scroll can be 
performed by a display shift instruction. A dot 
unit smooth scroll can also be performed by a 
horizontal scroll instruction. 
Since data of 
display RAM (DDRAM) is not changed by a 
display shift instruction, the display can be 
returned to the first set display when the return 
home operation is performed. 


4-bit operation, 24-digit x I-line display with 
internal reset 


The program must set all functions prior to the 
4-bit operation (see table 17). When the power 
is turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. 
Since DBa to DB3 are not 
connected, 
a rewrite 
is then 
required. 
However, since one operation is completed in 
two accesses for 4-bit operation, a rewrite is 
needed to set the functions. Thus, DB4 to DB? 
of the function set instruction is written twice. 


8-bit operation, 24-digit x 2-line display with 
internal reset 


For a 2-line display, the cursor automatically 
moves from the rust to the second line after 
the 40th digit of the rust line has been written. 
Thus, if there are only 16characters in the first 
line, the DD RAM address must be again set 
after the 16th character is completed. 
(See 
table 18.) 


The display shift is performed for the first and 
second lines. 
If the shift is repeated, 
the 
display of the second line will not move to the 
first line. 
The same display will only shift 
within its own line for the number of times the 
shift is repeated. 


8-bit operation, 12-digit x 4-line display with 
internal reset 


The RE bit must be set by the function set 
instruction and then the NW bit must be set by 
an extension function set instruction. 
In this 
case, 4-line 
display 
is always performed 
regardless of the N bit setting (see table 19). 


In a 4-line display, the cursor automatically 
moves from the first to the second line after 
the 20th digit of the first line has been written. 
Thus, if there are only 8 characters in the first 
line, the DD RAM address must be set again 
after the 8th character is completed. Display 
shifts 
are 
performed 
on 
all 
lines 
simultaneously. 


Note: 
When using the internal reset, the 
electrical characteristics in the Power 
Supply Conditions Using Internal Reset 
Circuit table must be satisfied. If not, the 
LCD-II/F12 must be initialized by 
instructions. See the section, Initializing 
by Instruction. 
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Table 
16 
8-Bit 
Operation, 
24-Digit 
x I-Line 
Display 
Example 
with 
Internal 
Reset 


Step 
Instruction 
No. 
RS 
RlWD7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
Display 
Operation 


1 
Power supply on (the HD66712 
is initialized 
by 
Initialized. 
No display. 


the internal 
reset circuit) 


2 
Function 
set 
Sets to a-bit operation 
and 
RS 
RNlD7 
06 
Os 
04 
03 
02 
01 
Do 
selects 
1-line display. 


0 
0 
0 
0 
1 
1 
0 
0 
• 
• 
Bit 2 must always be cleared . 


3 
Display 
on/off control 
1- 
Turns on display 
and cursor. 


0 
0 
0 
0 
0 
0 
0 
Entire display 
is in space mode 
because 
of initialization. 


4 
Entry mode set 
1- 
Sets mode to increment 
the 
0 
0 
0 
0 
0 
0 
0 
0 
address 
by one and to shift the 
cursor to the right at the time of 
write to the RAM. 
Display 
is not shifted. 


5 
Write data to CG RAMIDD 
RAM 
I H_ 
Writes H. 
DO RAM has 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
already 
been selected 
by 
initialization 
when the power 
was turned on. 


6 
Write data to CG RAMIDD 
RAM 
I HI_ 
Writes 
I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


7 


a 
Write data to CG RAMIDD 
RAM 
I HITACHL 
Writes 
I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


9 
Entry mode set 
I HITACHI 
Sets mode to shift display 
at 
0 
0 
0 
0 
0 
0 
0 
the time of write. 


10 
Write data to CG RAMIDD 
RAM 
IITACHI 
Writes a space. 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
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Table 16 8-Bit Operation, 24-Digit x I-Line Display Example with Internal Reset (cont) 


Step 
Instruction 
No. 
RS 
RIW 07 
D6 
05 
04 
03 
02 
01 
DO 
Display 
Operation 


11 
Write data to CG RAMIDD 
RAM 
ITACHI M_ 
WritesM. 
1 
0 
0 
1 
0 
0 
1 
0 


12 


13 
Write data to CG RAMIDD 
RAM 
IMICROKO_ 
Writes O. 
1 
0 
0 
1 
0 
0 
1 


14 
Cursor or display 
shift 
IMICROKQ 
Shifts only the cursor position 
0 
0 
0 
0 
0 
0 
0 
• 
• 
to the left. 


15 
Cursor or display 
shift 
IMICRO/SO 
Shifts only the cursor position 
0 
0 
0 
0 
0 
0 
0 
• 
• 
to the left. 


16 
Write data to CG RAMIDD 
RAM 
IICROCQ 
Writes Cover 
K. 


1 
0 
0 
1 
0 
0 
0 
0 
The display 
moves to the left. 


17 
Cursor or display 
shift 
IMICROCQ 
Shifts the display 
and cursor 
0 
0 
0 
0 
0 
• 
• 
position 
to the right. 


18 
Cursor or display 
shift 
IMICROCO_ 
Shifts the display 
and cursor 
0 
0 
0 
0 
0 
1 
0 
• 
• 
position 
to the right. 


19 
Write data to CG RAMIDD 
RAM 
IICROCOM_ 
Writes M. 
1 
0 
0 
1 
0 
0 
1 
0 


20 


21 
Return 
home 
I HITACHI 
Returns both display 
and cursor 
0 
0 
0 
0 
0 
0 
0 
0 
0 
to the original 
position 
(address 0). 


Step Instruction 
No. 
RS 
RlWD7 
D6 
05 04 
03 
02 01 
DO 
Display 


Power supply on (the HD66712 is initialized by 
the internal reset circuit) 


2 
Function set 
RS 
RlWD7 
06 
05 
04 
03 
02 
01 
Do 
0 
0 
0 
0 
1 
0 


Operation 


Initialized. No display. 


Sets to 4-bit operation. 
Clear bit 2. In this case, 
operation is handled as 8 bits 
by initialization. 


3 
Function set 
0 
0 
0 
0 
0 
0 
0 
0 
0 
* 
* 


4 
Display on/off control 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 


5 
Entry mode set 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 


Sets 4-bit operation and selects 
1-line display. Clear bit 2. 
4-bit operation starts from 
this step. 


Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


Write data to CG RAMIDD RAM 
100 
1 
0 
0 


1 
0 
1 
0 
0 
0 


Writes H. 
DDRAM has already been 
selected by initialization. 


Based on B-bitoperation after 
this instruction. 
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Table 18 8·Bit Operation, 24.Digit x 2·Line Display Example with Internal Reset 


Step 
Instruction 
No. 
RS 
RJW D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
Display 
Operation 


Power supply on (the HD66712 
is initialized 
by 
Initialized. 
No display. 
the internal 
reset circuit) 


2 
Function 
set 
Sets to a-bit operation 
and 
RS 
RIW DB7 DBe DBs DB4 DB3 DB2 DBl 
DBa 
selects 2-line display. 


0 
0 
0 
0 
1 
1 
1 
0 
• 
• 
Clear bit 2. 


3 
Display 
on/off control 
1- 


Turns on display 
and cursor. 


0 
0 
0 
0 
0 
0 
0 
All display 
is in space mode 
because 
of initialization. 


4 
Entry mode set 
1- 


Sets mode to increment 
the 
0 
0 
0 
0 
0 
0 
0 
0 
address 
by one and to shift the 
cursor to the right at the time of 
write to the RAM. 
Display 
is not shifted. 


5 
Write data to CG RAMIDD 
RAM 
I H_ 
Writes "H". 
DO RAM has 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
al,ready been selected 
by 
initialization 
at power-on. 


6 


7 
Write data to CG RAMIDD 
RAM 
I HITACHL 
I 


Writes 
I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


8 
Set DO RAM address 
Sets DO RAM address 
so that 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
I HITACHI 
the cursor 
is positioned 
at the 
head of the second 
line. 


Step Instruction 
No. 
RS RlWD7 
D6 D5 
D4 
D3 
D2 D1 DO 
Display 


9 
Write data to CG RAMIOD RAM 
I 


1 
0 
0 
1 
0 
0 
1 
0 
~~TACHI 


Operation 


Writes a space. 


11 
Write data to CG RAMIOD RAM 
1001001 


12 
Entry mode set 
0000000 


13 
Write data to CG RAMIOD RAM 
1001001 


Sets mode to shift display at 
the time of write. 


17 
Return home 
00000 
0 
0 
0 
Returns both display and cursor 
to the original position 
(address 0). 


HD66712 


Table 19 8-Bit Operation, 12-Digit x 4-Line Display Example with Internal Reset 


Step Instruction 
No. 
RS 
RlWD7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
Display 
Operation 


Power supply on (the HD66712 is in~ialized by 


~ 


In~ialized. No display. 


the internal reset circuit) 


2 
Function set 


~ 


Sets a-bit operation and 
0 
0 
0 
0 
0 
enables wr~e to the extension 
register. 


3 
4-line mode set 


~ 


Sets 4-line operation. 


0 
0 
0 
0 
0 
0 
0 
0 


4 
Function set 


~ 


Inhibits write to extension 
Inhib~ write to extension register 
register. Invalidates selection 
0 
0 
0 
0 
1 
1 
0 
0 
of 1-linel2-line by bit 3. 


5 
Display on/off control 


~ 


Turns on display and cursor. 
0 
0 
0 
0 
0 
0 
0 
Entire display is cleared 
because of initialization. 


6 
Entry mode set 


~ 


Sets mode to increment the 
0 
0 
0 
0 
0 
0 
0 
0 
address by one and to shift the 
cursor to the right when writing 
to RAM. Display is not shifted. 


7 
Wr~e data to CG RAMIDD RAM 


~ 


Wr~es H. DDRAM has already 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
been selected by initialization. 


a 


9 
Wr~e data to CG RAMIDD RAM 
I H'TACHL 
I 
Writes I. 


1 
0 
0 
1 
0 
0 
1 
0 
0 


Step Instruction 
No. 
RS 
RlWD7 
D6 
05 
04 
03 02 
01 
DO 
Display 
Operation 


10 
Set DO RAM address 


I~ITACHI 
I 


Sets DO RAM address to (20)H 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
so that the cursor is positioned 
at the beginning of the second 
line. 


11 
Write data to CG RAM 
I ~~ACHI 
I 
Writes o. 
1 
0 
0 
0 
1 
0 
0 
0 
0 


If the power 
supply 
conditions 
for 
correctly 


operating the internal reset circuit are not met, 


• Initializing 
when a length of interface is 8-bit system 


• Wait for more than 15 ms 
alter 
Vcc rises to 4.5 V 
(Vcc = 5 V during 
operation) 
• Wait for more than 40 ms 
alter 
Vcc rises to 2.7 V 
(Vcc = 3 V during 
operation) 


AS FWi DB1 DBe DBs 08.4 D~ 
DB:! DB, DBa 
o 
0 
001 
1 
• 
• 
• 
• 


AS FWi D~ 
DBs DBs DB. ~ 
DB:! DB, DBa 
o 
000 
1 
1 
• 
• 
• 
• 


AS Piii DB1 DBe DBs De. 
D~ 
DBz DB, DBa 


o 
0 
001 
1 
••• 


( 
I BF cannot 
be checked 
before 
this instruction. 


Function 
set 
(Interlace 
is 8 bits long.) 


( 
I BF cannot 
be' checked 
before 
this instruction. 


Function 
set 
(Interlace 
is 8 bits long.) 


( 
I BF cannot 
be checked 
before 
this instruction. 


Function 
set 
(Interlace 
is 8 bits long.) 


BF can be checked 
alter 
the following 
instructions. 


When 
BF is not checked. 
the waiting 
time between 
instructions 
is longer 
than the execution 
instuction 
time. 
(See table 7.) 


Display 
oil 


Display 
clear 


Entry mode 
set 


AS FWi DB1 DBe DBs 08.4 ~ 
DBz DB, DBa 


0 
0 
0 
0 
1 
1 
N 
0 
• 
• 


0 
0 
0 
0 
0 
0 
1 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


0 
0 
0 
0 
0 
0 
0 
1 
110 S 


• Wait for more than 15 ms 
after Vcc rises to 4.5 V 
(Vcc = 5 V during operation) 
• Wait for more than 40 ms 
after Vcc rises to 2.7 V 
(Vcc = 3 V during operation) 


AS RJW D~ DBsDBs084 
o 
0 
0 
0 
1 
1 
( 
I SF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


AS RJW D~ DBs DBsDS4 
o 
0 
0 
0 
1 
1 
( 
I SF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


AS RWD~ 
DBsDBs 084 
o 
0 
0 
0 
1 
1 
( 
I SF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 


AS RJW D~ DBsDBs 084 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
N 
0 
• 
• 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
110 S 


SF can be checked after the following instructions. 
When SF is not checked. the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 


Function set (4-bit mode). 


Initialization ends 
Figure 34 Imtlalizing Flow of 4-lUt Interface 


When the extension driver is not used (EXT = 
Low) with extension register enabled (RE = 1), the 
HD66712 enters low power mode by setting the 
low-power mode bit (LP) to 1. During low-power 
mode, as the internal operation clock is divided by 
2 (2-line/4-line 
display mode) or by 4 (I-line 
display mode), the execution time of each 
instruction becomes two times or four times longer 
than normal. 
In addition, as the frame frequency 
decreases to 5/6, display quality might be affected. 


In addition, since the display is not shifted in low 
power mode, display shift must be cleared with the 
return home instruction before setting low power 
mode. 
The amount of horizontal scroll must also 
be cleared (HDS = o00ooo). 
Moreover, because 
the display enters a shift state after clearing low- 
power mode, the home return instruction 
must be 
used to clear display shift at that time. 


Clear horizontal 
scroll quantity 


HDS-OOOOOO 


Note: The execution 
time of an instruction 
in low-power 


mode becomes 
two times or four times longer than normal. 


The frame frequency 
also decreases 
by 5/6. 


RS 
RNJ 
DB? DB6 DBS DB4 DB3 DB2 DB1 DBa 
=~ 
Note: Up until this instruction, 
execution 
time is two times or 


four times longer than normal. 


RS 
RNJ 
DB? DB6 DBS DB4 DB3 DB2 DB1 DBa 
~[~[~[~[~I!]~J~~~ 


Note: Because 
the display 
enters a shift state, be sure to 


execute this instruction. 


Figure 38 Usage of Low Power Mode 


Absolute Maximum 
Ratings· 


Item 
Symbol 
Unit 
Value 
Notes 


Power supply voltage (1) 
Vcc 
V 
-0.3 to +7.0 
1 


Power supply voltage (2) 
Vcc-Vs 
V 
-0.3 to +15.0 
1, 2 


Input voltage 
VI 
V 
-0.3 to VCC+0.3 
1 


Operating temperature 
Topr 
·C 
-20 to +75 
3 


Storage temperature 
Tsto 
·C 
-55 to +125 
4 


Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 


Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
• 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. 


DC Characteristics 
(VCC = 2.7 V to 5.5 V, Ta = -20 to +75°C·3) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 
Notes· 


Input high voltage (1) 
VIHI 
0.7Vcc 
Vcc 
V 
6 


(except OSC,) 


Input low voltage (1) 
Vll1 
-0.3 
0.2Vcc 
V 
Vcc = 2.7 to 3.0 V 
6 


(except OSC,) 
-0.3 
0.6 
V 
Vcc - 3.0 to 4.5 V 


Input high voltage (2) 
VIH2 
0.7Vcc 
Vcc 
V 
15 


(OSC,) 


Input low voltage (2) 
VIl2 
0.2Vcc 
V 
15 


(OSC1) 


Output high voltage (1) 
VOHI 
0.75Vcc 
V 
-IOH = 0.1 mA 
7 


(00-07) 


Output low voltage (1) 
VOl1 
0.2Vcc 
V 
IOl = 0.1 mA 
7 


(00-07) 


Output high voltage (2) 
VOH2 
o.avcc 
V 
-IOH = 0.04 mA 
a 


(except 00-07) 


Output low voltage (2) 
VOl2 
0.2Vcc 
V 
IOL= 0.04 mA 
a 


(except 00-07) 


Driver ON resistance 
RCOM 
20 
kQ 
±Id = 0.05 mA (COM) 
13 


(COM) 


Driver ON resistance 
RSE(3 
30 
kQ 
±Id = 0.05 mA (SEG) 
13 


(SEG) 


110 leakage current 
III 
-1 
1 
~ 
VIN= Oto Vcc 
9 


Pull-up MOS current 
-Ip 
10 
50 
120 
~ 
Vcc = 3 V 


(RESET" pin) 


Power supply current 
Ice 
T.B.O. 
T.B.O. 
mA 
Rt oscillation, 
10,14 
external clock 
Vcc = 3V, losc = 270 kHz 


LCD voltage 
VlCDl 
3.0 
13.0 
V 
Vcc-Vs, 1/5 bias 
16 


VlCD2 
3.0 
13.0 
V 
Vcc-Vs, 1/4 bias 
16 
Note: • Refer to Electrical Characteristics Notes following these tables. 
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Booster 
Characteristics 


Item 
Symbol 
Mln 
lYP 
Max 
Unit 
Test Condition 
Notes· 


Output 
voltage 
VUP2 
TBD 
V 
Vel - 4.5 V, 10 - 
0.5 mA, 
18 
(V50UT2 
pin) 
Ta - 25°C 


Output 
voltage 
VUP3 
TBD 
V 
Vci" 
3 V, 10 •• 0.3 mA, 
18 
(V50UT3 
pin) 
Ta ,",25°C 


Input voltage 
VCi 
2.5 
4.5 
V 
18 


AC Characteristics 
(V CC = 2.7 V to 5.5 V, Ta = -20 to +7soC·3) 


ClockCharacteristics(VCC= 2.7V to S.S V,Ta = -20 to +7soC·3) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 
Notes· 


External 
External 
clock frequency 
fcp 
125 
270 
410 
kHz 
11 
clock 
External 
clock duty 
Duty 
45 
50 
55 
% 
operation 
External 
clock rise time 
trcp 
0.2 
~s 


External 
clock fall time 
trcp 
0.2 
~s 


RI 
Clock oscillation 
frequency 
fosc 
190 
270 
350 
kHz 
RI= 75 kil, 
12 
oscillation 
Vcc- 
3 V 


System Interface 
Timing Characteristics 
(1) (V CC = 2.7 V to 4.5 V, Ta = -20 to +750 
C·3) 


BusWrite Operation 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Enable cycle time 
tdycE 
1000 
ns 
Figure 39 


Enable pulse width (high level) 
PWEH 
450 


Enable risel1all time 
tEr, tEl 
25 


Address 
set-up time (RS, ANI to E) 
tAS 
T.B.D 


Address 
hold time 
tAH 
20 


Data set-up time 
tosw 
195 


Data hold time 
tH 
10 


BusRead Operation 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Enable cycle time 
tcycE 
1000 
ns 
Figure 40 


Enable pulse width (high level) 
PWEH 
450 


Enable risel1all time 
tEr, tEr 
25 


Address 
set-up time (RS. ANI to E) 
tAS 
T.B.D 


Address 
hold time 
tAH 
20 


Data delay time 
tOOR 
360 


Data hold time 
tOHR 
5 
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Serial 
Interface 
Operation 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Serial clock cycle time 
tSCYC 
1 
20 
~s 
Figure 41 


Serial clock (high level width) 
tSCH 
400 
ns 


Serial clock (low level width) 
tSCL 
400 


Serial clock riselfall 
time 
tSCr. tSCI 
50 


Chip select set-up time 
tcsu 
T.B.D 


Chip select 
hold time 
tCH 
T.B.D 


Serial input data set-up time 
tSISU 
200 


Serial input data hold time 
tSIH 
200 


Serial output data delay time 
tsoo 
360 


Serial output data hold time 
tSOH 
5 


System Interface 
Timing Characteristics 
(2) (VCC = 4.5 V to 5.5 V, Ta = -20 to +750 
C*3) 


Bus Write 
Operation 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Enable cycle time 
teyeE 
500 
ns 
Figure 39 


Enable pulse width (high level) 
PWEH 
230 


Enable 
riselfall time 
tEr, tEl 
20 


Address 
set-up time (RS. ANI to E) 
IAs 
T.B.D 


Address 
hold time 
tAH 
10 


Data set-up time 
tosw 
60 


Data hold time 
tH 
10 


Bus Read 
Operation 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Enable cycle time 
lcyeE 
500 
ns 
Figure 40 


Enable pulse width (high level) 
PWEH 
230 


Enable riselfall time 
tEr. tEl 
20 


Address 
set-up time (RS. ANI to E) 
tAS 
T.B.D 


Address 
hold time 
tAH 
10 


Data delay time 
tOOR 
160 


Data hold time 
tOHR 
5 
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Seridl Interface Sequence 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Serial clock cycle time 
tscve 
0.5 
20 
JlS 
Figure 41 


Serial clock (high level width) 
tSCH 
200 
ns 


Serial clock (low level width) 
tscL 
200 


Serial clock riselfall time 
tSCt, tSCf 
50 


Chip select set-up time 
tcsu 
T.B.D 


Chip select hold time 
tCH 
T.B.D 


Serial input data set-up time 
tSISU 
100 


Serial inpu.tdata hold time 
tSIH 
100 


Serial output data delay time 
tsoo 
160 


Serial output data hold time 
tSOH 
5 


Segment Extension 
Signal Timing (VCC = 2.7 V to 5.5 V, Ta = -20 to +7soC*3) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Condition 


Clock pulse width 
High level 
tCWH 
800 
ns 
Figure 42 


Low level 


Clock set-up time 


Data set-up time 


Data hold time 


M delay time 


Clock riselfall time 


tCWL 
800 


tcsu 
500 


tsu 
300 


tDH 
300 


tOM 
-1000 
1000 


tet 
100 


Item 


Reset low-level width 


Symbol 


tREs 


Item 


Power supply rise time 


Power supply off time 


Symbol 


trec 


tOFF 


Max 


10 


Test Condition 


Figure 43 


Test Condition 


Figure 44 


1. 
All voltage values are referred to GND = 0 V. If the LSI is used above the absolute maximum ratings, 
it may become permanently 
damaged. Using the LSI within the following electrical 
characteristic 
is 
strongly recommended 
to ensure normal operation. 
If these electrical characteristic 
are also exceeded, 
the LSI may malfunction 
or exhibit poor reliability. 
. 


Input pin 


Pin: 
ElSClK, 
RSlCS·, RW/SID, 1M, 
EXT, TEST (MaS without 
pull-up) 
Vcc 


1/0 Pin 


Pins: 
DBo/SOD-D~ 
Vcc 
(MaS with pull-up) 


(pull-up 
MaS) 
(input circuit) 


PMOS 


6. 
Applies to inpul pins and I/O pins. excluding the OSCI pin. 


7. 
Applies to I/O pins. 


8. 
Applies to output pins. 


Output 
pin 


Pins: 
ell. 
Cl2, 
M, 0 


Output 
enable 
data 


10. Input/output 
current is excluded. 
When input is at an intermediate 
level with CMOS, the excessive 
current flows through the input circuit to the power supply. 
To avoid this from happening, 
the input 
level must be fixed high or low. 


Th 
Duty= 
Th+TI x 100% 


R~1 


~2 


Rf: 75 kn ± 2% (when Vcc = 3 V to 4 V) 
At: 91 kn ± 2% (when Vcc = 4 V to 5 V) 
Since the oscillation frequency varies depending on the OSC1 and 
OSC2 pin capacitance. the wiring length to these pins should be 
minimized. 


Referential data 


VCC = 5V 
500 


400 
N 
N 
g 
:I: 
0 
:=. 


~ 
0 
CJ) 


200 


.Q 


100 
50 
91100 
150 


Rf (knl 


\ 
\ 


..-- --~ ,Typ. 


"' 
.......... 


300 


27 


50 
75 
100 


Rf (knl 


13.·RCOM is the resistance 
between 
the power 
supply 
pins (Vcc, 
VI, V4, Vs) and each common 
signal pin (COMo to COM33). 


RsEG is the resistance between the power supply pins (Vcc, V2, V3, Vs) and each segment signal pin 
(SEGt to SEG60). 


Vcc=3V 
1.8 
1.6 
<' 
1.4 
E 
1.2 
- 1.0 
-0 
0.8 
.2 
0.6 
0.4 
0.2 
typo 


0.0 
0 
100 
200 
300 
400 
500 
fOSe or fcp (kHz) 


1.8 
1.6 
<' 
1.4 
.s 
1.2 
1.0 
~ 
0.8 
0.6 
0.4 
0.2 
0.00 


--'•... 
.-~ 
.•. 


100 
200 
300 
400 
500 
fOSe or fcp (kHz) 


15. Applies to the OSCI pin. 


16. Each COM and SEG output voltage is within ±O.15 V of the LCD vollage (Vcc, VI, V2, V3, V4, Vs) 
when there is no load. 


17. The TEST pin must be fIXed to ground, and the 1M or EXT pin must also be connected 
to VCC or 
ground. 


Vcc 
Vcc 
Vci 
C1 
1j1 F 
1j1F 
+ 
C2 
+ 
10110 
VSOUT2 


.:J;:+ t 
:r> lj1F 


VSOUT3 
10110 
VSOUT3 


GND 
GND 


Test 
0-----1 


Point 


50pFI 


Test0------1 


Point 


30pF1 


DBO 
to DB? 


RIW 
IH1 
IH1 


PWEH 
tAH 


tEl 
E 
Vll1 
VIH1 


i:r 


IoHR 


DBO 
Valid data 
to DB? 
VOl1 


tCVCE 


VOH2 
VOL2 


tOH 


Note: When power is supplied, 
initializing 
by the internal 
reset circuit has priority. 
Accordingly, 


the above RESET' 
input is ignored during internal reset period. 


Notes: 
1. t OFF compensates 
for the power oscillation 
period caused 
by momentary 
power 
supply oscillations. 
2. 
Specified 
at 4.5 V for 5-volt operation, 
and at 2.7 V for 3-volt operation. 
3. 
If the above electrical 
conditions 
are not satisfied, 
the internal 
reset circuit will not 
operate 
normally. 
In this case, initialize by instruction. 
(Refer to Initializing 
by 
Instruction.) 
. 


HD441 
02------- 
(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 


The HD44102CH 
is a column (segment) driver for 
dot matrix liquid crystal graphic display 
systems. 
storing the display data transferred from a 4-bit or 8- 
bit microcomputer 
in the internal display RAM and 
generating dot matrix liquid crystal driving signals. 
V. 
GND 
~ 
M 
v., 
He 
v.. 
'.,, 
v. 
5 
• 
VM 
a. 


~ 
F~ 
v. 
087 
VII 
• 
os. 
Vao 
1 
DB. 
Va 11 
D84 
~ 
DBa 
Yrt 
t 
OB. 
Va 
'4 
1 DB1 
Va 
15 
DBo 
Vat 
" 
0/1 
Va 
1 
fWt 
~, 
E 
VI' 
" 
csa 
V.. 
CSI 
Y,.2\ 
CSt 
Y,. 
RST 
He 
BS 


V17-'~m6:mrmllil§1.r'Voc 
It 
;;11 
II 
II 
The 
combination 
of HD44102CH 
with 
the row 
HH~~~~~>,:~)!,::,::> 
(common) driver HD44103CH 
facilitates dot matrix 
liquid crystal graphic display system configuration. 
(Top-View) 


Each bit data of display RAM corresponds to on/off 
state of each dot of a liquid crystal display to provide 
more flexible than character display. 


The HD441 02CH is produced by the CMOS process. 
Therefore. 
the combination 
of HD44102CH 
with a 
CMOS microcontrollercan 
complete portable battery- 
driven unit ntilizing the liquid crystal display's low 
power dissipation. 


Features 
OrderingInformation 


• 
Dot matrix liquid crystal graphic display 
column driver incorporating 
display RAM 
• 
Interfaces with 4-bit or 8-bit MPU 
• 
RAM data directly displayed by internal display 
RAM 
RAM bit data 1: On 
RAM bit data 0: Off 
• 
Display RAM capacity: 
50 x 8 x 4 (1600 bits) 
• 
Internal liquid crystal display driver circuit 
(segment output): 
50 segment signal drivers 
• 
Duty factor (can be controlled by external input 
waveform) 
- Selectable duty factors: 
1/8. 1/12. 1/16. 
1/24.1/32 
• 
Wide range of instruction functions 
- Display Data Read/Write. Display On/Off. 
Set Address. Set Display 
- Start Page. Set UplDown. Read Status 
• 
Low power dissipation 
• 
Power supplies: 
Vcc 5 V ± 10%. VEE 0 to -5 V 
• 
CMOS process 


Type No. 


HD44102CH 


HD44102D 


Package 


SQ-pln plastic OFP(FP-80) 
chip 


E. RIW. 011 
CS,-C& 


DBo-DB7 


.'- 
+2- 


V",,_ 
GND_ 
Vo- 


Item 


Supply voltage (1) 


Supply voltage (2) 


Input voltage (1) 


Input voltage (2) 


Operating temperature 


Storage temperature 


Value 


-0.3 to +7.0 


Vcc- -13.5 to Vcc + 0.3 


-0.3 to Vce + 0.3 


VEE -0.3 to Vce + 0.3 


-20 to +75 


-55 to +125 


Unit 


V 


V 


V 


V 


Symbol 


Vce 
VEE 
Vn 
VT2 


T"", 


TIl!I 


Notes: 
1. 
Referenced 
to GND = O. 
2. 
Applied to input terminals 
(except V1, V2, V3, and V4), and I/O common terminals. 
3. 
Applied to terminals V1, V2, V3, and V4. 


Electrical Characteristics 


(Vcc = +5 V ±10%, GND = 0 V, Vee= 0 to -5.5 V, Ta = -20 to 75°C) 
<-4) 


Item 
Symbol 
Mln 
Typ Max 
Unit 
Test condition 
Notes 


Input high voltage (CMOS) 
Vile 
0.7xVce 
- 
Vce 
V 
5 


Input low voltage (CMOS) 
VII£ 
0 
- 
0.3 x Vce 
V 
5 


Input high voltage (TIL) 
VIKT 
2.0 
- 
Vcc 
V 
6 


Input low voltage (TIL) 
V1LT 
0 
- 
+0.8 
V 
6 


Output high voltage 
VOH 
+3.5 
V 
IOH--250~ 
7 


Output low voltage 
Va. 
- 
+0.4 
V 
Ia. -+1.6mA 
7 


Vi-Xj ON resistance 
RON 
- 
7.5 
kn 
VEE--5 
V± 10%, 


Load current 100 ~ 


Input leakage current (1) 
IILI 
-1 
- 
1 
~ 
V•• = Vcc to GND 
8 


Input leakage current (2) 
1112 
-2 
- 2 
~ 
V•• = Vce to VEE 
9 


Operating frequency 
fcue 
25 
- 280 
kHz 
91, 92 frequency 
10 


Dissipation current (1) 
lcel 
- 
100 
~ 
fel<= 200 kHz frame - 
11 


65 Hz during display 


Dissipation current (2) 
1CC2 
- 500 
~ 
Access cycle 1 MHz 
12 


at access 


Notes: 
4. Specified within this range unless otherwise noted. 
5. Applied to M, FRM, CL, es, RST,«II1,«112. 
6. Applied to CS1 to CS3, E, 0/1, RIW and oBO to oB7. 
7. Applied to oBO to OB7. 
8. Applied to input terminals, M, FRM,CL, BS, RST, «111,«112,CS1 to CS3, E, 0/1 and RIW, 
and I/O common terminals oBO to oB7 at high impedance. 
. 


9. Applied to V1, V2, V3, and V4. 
10. «111and «112AC characteristics. 


Symbol 
Mln 
Typ 
Max 
Unit 


Duty factor 
Duty 
20 
25 
30 
0/0 


Fall time 
~ 
100 
ns 


Rise time 
t, 
100 
ns 


Phase difference 
time 
t'2 
0.8 
~ 


Phase difference 
time 
~, 
0.8 
~ 
T, + Th 
40 
~ 


feLK =-T 11i 
1 + 
h 


DUTY- TT11i 
x 100 (%) 
1 + 
h 


11. Measured by Vcc terminal at no output load, at 1/32 dury factor, and frame frequency 
of 65 Hz, in checker pattern display. 
Access from the CPU is stopped. 
12. Measured by Vcc terminal at no output load, 1/32 duty factor and frame frequency of 
65 Hz. 


HD44102 


Interface AC Characteristics 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Notes 


Ecycletime 
tevc 
1000 
ns 
13,14 


E high level width 
PWEH 
450 
ns 
13,14 


E low level width 
Pwa 
450 
ns 
13,14 


Erisetime 
t, 
25 
ns 
13, 14 


E fall time 
~ 
25 
ns 
13,14 


Address 
setup time 
tAB 
140 
ns 
13,14 


Address 
hold time 
tAlI 
10 
ns 
13,14 


Data setup time 
losw 
200 
ns 
13 


Data delay time 
~ 
320 
ns 
14,15 


Data hold time at write 
to- 
10 
ns 
13 


Data hold time at read 
lcHR 
20 
ns 
14 


Notes: 


CS,-CS3 
011 
CS,-CS3 
oil 


#1' 
RL 
Test Point 
02 
Cr 
R 
03 
O. 


RL -2.4 kn 


R 
•• 11kn 


C 
'" 130 pF (including jig capacitance) 


Diodes 0, to D. are all 152074 ® 


Notes: 16. Display off at initial power up. 
The HD44102CH can be placed in the display off state by setting terminal RST to low 
at initial power up. 
No instruction other than the Read Status can be accepted while the RST is at the low 
level. 


Reset time 


Rise time 


Symbol 
Mln 


~ 
1.0 


t, 


Unit 


~ 


RST 
O.7Vcc 


O.3Vcc 


Pin Description 


PIn 
PIn 
Name 
Number 


Y1-Y50 
50 


I/O 
Function 
o 
Liquid crystal display drive output. 


Relationship 
among output level, M and display data (D): 


Output~ 
Level~ 


Chip select 


CS1 
CS2 
CS3 
State 


L 
L 
L 
Non-selected 
L 
L 
H 
Non-selected 
L 
H 
L 
Non-selected 
L 
H 
H 
Selected 
readlwrite 
enable 
H 
L 
L 
Selected 
write enable only 
H 
L 
H 
Selected 
write enable only 
H 
H 
L 
Selected 
write enable only 
H 
H 
H 
Selected 
readlwrite 
enable 


Enable 


At write (RIW •• Low): 
Data of DBO to DB7 is latched at the fall of E. 


At read (RIW •• High): 
Data appears 
at DBO to DB7 while E is at high 
level. 


Pin Name 


RIW 


Pin 
Number 
1/0 
I 


HD441 02 


Function 


ReadlWrite 
RIW ,. High: 
Data appears 
at DBO to DB7 and can be read 
by the CPU when E = high and CS2, CS3 ,. high. 
RIW = Low: 
DBO to DB7 can accept input when CS2, CS3 ,. high or 
CS1 ,. high. 


Data/Instruction 
011 ,. High: 
Indicates that the data of DBO to DB7 is display data. 
011 ,. Low: 
Indicates that the data of DBO to DB7 is display control 
data. 


E 
RIW 
CS1 
CS2 
CS3 
State of DBO to DB7 


H 
H 
H 
H 
Output state 


L 
H 
Input state, 


L 
H 
H 
High impedance 


Others 
High impedance 


V1, V2, 
V3,V4 


Signal to convert 
liquid crystal display drive output to AC. 


Display synchronous 
signal 
At the rise of CL signal, the liquid crystal display drive signal 
corresponding 
to display data appears. 


Display synchronous 
signal (frame signal) 
This signal presets the 5-bit display line counter 
and 
synchronizes 
a common 
signal with the frame timing when 
the FRM signal becomes 
high. 


2-phase clock signal for internal operation 
The +1 and + 2 clocks are used to perform the operations 
(input/output 
of display data and execution 
of instructions) 
other than display. 


Reset signal 
The display disappears 
and Y address counter 
is set in the up 
counter state by setting the RST signal to low leveL 
After 
releasing 
reset, the display off state and up mode is held until 
the state is changed 
by the instruction. 


Bus select signal 
BS = Low: 
DBO to DB7 operate for 8-bit 
length. 


BS = High: 
084 
to DB7 are valid for 4-bit 
length only. 
8-bit 
data is accessed 
twice in the high and low order. 


Power supply for liquid crystal display drive 
V1 and V2: 
Selection 
voltage 
V3 and V4: 
Non-selection 
voltage 


Pin 
Pin Name 
Number 
110 


Vcc 
3 


GND 


Function 


Power supply 
Vcc-GND: 
Power supply for intemallogic 


VCC-VEE: 
Power supply for liquid crystal display drive circuit logic 


The HD441 02CH can use the data bus in 4-bit or 8-bit 
word length to enable interface to a 4-bit or 8-bit CPU. 


1. 
4 bit mode (BS = High) 
8-bit data is transferred twice for every 4 bits 
through the data bus when the BS signal is high. 


The data bus uses the high order 4 bits (DB4 to 
DB7). First, the high order 4 bits (DB4 to DB7 
in 8-bit data length) are transferred and then the 
low order 4 bits (DBO to DB3 in 8-bit data 
length). 


Busy Flag 
-----'~t-, 
r~ 


Busyflag 
check 
(Status 
read) 


Address 
high order 
write 


Address 
low order 
write 


Busyflag 
Data high 
Data low 
check 
order write 
order write 
(Status 
read) 


Figure 1 4-Bit Mode Timing 


Note: 
Execute Instructions other than status read in 4-bit length each. The busy flag is set at the 
fall of the second Esignal. The status read is executed once. After the execution of the status 
read, the first 4 bits are considered the high order 4 bits. Therefore, if the busy flag is chec- 
ked after the transfer of the high order 4 bits, retransfer data from the higher order bits. No 
busy check is required in the transfer between the high and low order bits. 


2. 
8-bit mode (BS = Low) 
If the BS signal is low, the 8 data bus lines (DBO to 
DB7) are used for data transfer. 
DB7: 
MSB (Most significant bit) 
DBO: LSB (Least significant bit) 
For AC timing, refer to note 12to note IS of "Electrical 
Characteristics". 


8-bit data is written into this register by the CPU. The 
instruction and display data are distinguished 
by the 
8-bit data and DII signal and then a given operation is 
performed. 
Data is received at the fall of the E signal 
when the CS is in the select state and R/W is in write 
state. 


The output 
register 
holds the data read from the 
display data RAM. 
After display data is read, the 
display data at the address now indicated is set in this 
output register. After that, the address is increased or 
decreased by I. Therefore, when an address is set, the 
correct data doesn't 
appear at the read of the first 
display data. The data at a specified address appears 
at the second read of data (figure 2). 


HD44102 


The X, Y address counter holds an address for reading/ 
writing display data RAM. An address is set in it by 
the instruction. The Y address register is composed of 
a 50-bit up/down counter. The address is increased or 
decreased by I by the read/write operation of display 
data. 
The up/down mode can be determined 
by the 
instruction 
or RST signal. 
The Y address register 
counts by looping the values of 0 to 49. The X address 
register has no count function. 


This flip/flop is set to on/off state by the instruction or 
RST signal. In the off state, the latch of display data 
RAM output is held reset and the display data output 
is set to O. Therefore, display disappears. 
In the on 
state, the display data appears according to the data in 
the RAM and is displayed. 
The display data in the 
RAM is independent of the display on/off. 


This flip/flop determines 
the .count mode of the Y 
address 
counter. 
In the up mode, the Y address 
register is increased by I. 0 follows 49. In the down 
mode, the register is decreased by I. 0 is followed by 
49. 


Output 
register 


DBO-DB71 


1 


Write 
I 
address N 
Busy 
check 
Busy 
check 


I 
Data at address N I Data at address N± 1 


1 


Read data I 
Busy 
IRead data I 
Busy 
I Data read 
(dummy) 
check 
at 
check 
address 
address N 
N±1 


The display page register holds the 2-bit data that 
indicates a display start page. This value is preset to 
the high order 2 bits of the Z address counter by the 
FRM signal. 
This value indicates the value of the 
display RAM page displayed at the top of the screen. 


After an instruction other than status read is accepted, 
the busy flag is set during its effective period, and 
reset when the instruction is not effective (figure 3). 
The value can be read out on DB? by the status read 
instruction. 
The HD441 02CH cannot accept any other instructions 
than the status read in the busy state. Make sure the 
busy flag is reset before issuing an instruction. 


The Z address counter is a 5-bit counter that counts up 
at the fall of CL signal and generates an address for 
outputting 
the display data synchronized 
with the 
common signal. 0 is preset to the low order 3 bits and 
a display start page to the high order 2 bits by the FRM 
signal. 


The display 
data from the display 
data RAM 
is 
latched at the rise of CL signal. 


Each of 50 driver 
circuits 
is a multiplex 
circuit 
composed of 4 CMOS switches. The combination of 
display data from latchs and the M signal causes one 
of the 4 liquid crystal driver levels, V I, V2, V3-and 
V4 to be output. 


E 
~n 
_ 


Busy -----~TBUSY=t- 


.!..<1i 
<2 
F+.. BUSY 
.. F+ 


F+ is +1, +2 frequency (half of HD441 03CH oscillation frequency) 


LSB 
Do 
01 
02 
03 
04 
05 
De 
07 
MSB 


COMl 


COM2 


COM3 


COM4 


COMS 


COM6 


COM? 


COMS 


COM9 


Figure 4 Relationship between Data in RAM and Display 
(Display start page 0, 1/32 duty) 


COM30 


COM31 


COM32 


o 
1 
1 
1 
0 


1 
0 
0 
0 
1 


1 
0 
0 
0 
1 


1 
000 
1 


1 
1 
1 
1 
1 


1 
0 
0 
0 
1 


I 
0 
0 
0 
1 


00000 


001 


001 


o 
0 
I 


1 
0 
1 


o 
0 
I 


o 
0 
1 


o 
0 
I 


000 


000 


000 


000 


000 


Yo YI Y2 Y3 y4 


(Yaddress) 


RIW 
01/ 


1 
1 


MSB 
DB 
LSB 


7 654 
3 2 1 0 


(Display data) 


Read (CPU +- HD44102CH) 


(Display data) 


Write (CPU -+HD44102CH) 


Sends or receives data to or from the address of the 
display 
RAM 
specified 
in advance. 
However. 
a 
dummy read may be required for readi ng display data. 
Refer to the description 
of the output 
register 
in 
Function of Each Block. 


Display On/Off 


MSB 
DB 
LSB 


RIW 011 
7 
6 5 4 3 2 1 0 


0 
0 
0 
0 1 1 1 0 o 1 
Display on 


0 
0 
0 
0 1 1 1 0 o 0 
Display off 


Set XIY Address 


MSB 
DB 
LSB 


RIW 
011 
7 6 5 4 3 
2 
1 0 


0 
0 
o 0 


0 
0 
o 1 
Binary numbers of Q-49 


0 
0 
1 0 


0 
0 
1 1 
'--v---' 


X address 
Yaddress 
(page) 
(address) 


Yaddress 


o 1 .... 
48 49 
L 
Page 0 
M 
L 
Page 1 
M 
L 
Page 2 
M 
L 
Page 3 
M 
Display Data RAM 


Display Start Page 


MSB 
DB 
LSB 


RIW 
01/ 
7 6 5 
4 3 
2 
1 0 


0 
0 
o 0 
1 
1 1 
1 
1 0 


Refer to figure 5 (a) 


0 
0 
o 1 
1 
1 1 
1 
1 0 


Refer to figure 5 (b) 


0 
0 
1 0 
1 
1 1 
1 
1 0 


Refer to figure 5 (c) 


0 
0 
1 1 
1 
1 1 
1 
1 0 
--...-- 
Display start page 
...... 
Refer to figure 5 (d)' 


Specifies 
the RAM 
page 
displayed 
at the top of the 
screen. 
Display 
is as shown 
in figure 
4. 
When 
the 


display 
duty factor 
is more than-l/32 
(For example, 
1/ 


24, 1/16), display 
begins 
at a page 
specified 
by the 


display 
start page 
only by the number 
of lines. 


Display Data RAM 
Liquid Crystal Screen 


Start page = page 1 


(b) 
A 
Page 0 
B 
N 
B 
Page 1 
C 


C 
Page 2 
D 


D 
Page 3 
A 


Display Data RAM 
Liquid Crystal Screen 


Start page = page 2 
(c) 
A 
Page 0 
C 
N 
B 
Page 1 
0 


C 
Page 2 
A 


D 
Page 3 
B 


Display Data RAM 
Liquid Crystal Screen 


Start page = page 3 
(d) 
A 
Page 0 
D 
N 
B 
Page 1 
A 


C 
Page 2 
B 


D 
Page 3 
C 


Display Data RAM 
Liquid Crystal Screen 


Figure 
5 Display 
Start 
Page 


HITACHI 
501 


A 
Page 0 
A 
N 
N 
B 
Page 1 
B 


C 
Page 2 
C 


D 
Page 3 
0 


Displayed up to 
here when display 
duty is 1/N. 
(N=8, 12, 16,24,32) 


UplDownSet 


MSB 
DB 


765432 


001110 


001110 


RIW 
011 
o 
0 
o 
0 


LSB 


1 0 


1 
1 
Up mode 


1 
0 
Down mode 


Sets Y address 
register in the up/down 
counter 
mode. 


RIW 
011 


1 
0 


MSB 
DB 


765432 


B 
UOROO 
U 
P F E 
S 
I F S 
Y 
0 
I E 
OOT 
r: N 
1 
_ 
•. 
Goes to 1 when RST is in the reset state 


(Busy also goes to 1). 


Goes to 0 when RST is in the operating 
state. 


LSB 


1 0 
o 0 


Goes to 1 in the display off state. 


Goes to 0 on the display on state. 


Goes to 1 when address counter 
is in the up mode. 


Goes 
to 0 when address counter 
is in the down 
mode. 


Goes to 1 while all other instructions 
are being 
executed. 


While 1• none of the other instructions 
are 
accepted. 


X, 


To liquid 
crystal 
display 
Xso 
SHL 
Vcc 
To liquid crystal 
display 


MIS 
GND 
HD44103CH 
FS 
(Master) 
OS, 
DS2 
DS3 
FRM 


M 


DL OR 
CL 
HD44102CH 
No.1 


~1 
~2 


DL DR ~1 ~2 FRM 
Open 
M 
CL 
To liquid crystal 
display 
X, 


To liquid 
crystal 
display 


HD44103CH 
X'2 
(Slave) 
SHL 
Vcc 
FRM 
MIS 
GND 
FS 
M 
OS, 
HD44102CH 
DS2 
CL 
No.2 
DS3 
~1 


~2 


I. Example of connection 
to HD6800 


In the decoder given in this example, the addresses of 
HD44102CH 
in the address space of HD6800 are: 
Read/write of display data: 
$'FFFF 
Write of display instruction: 
$'FFFE' 
Read of status: 
$'FFFE' 


Thus, the HD441 02CH can be controlled by reading! 
writing data at these addresses. 


Decoder 
A15 
to 
CSI 


Al 
CS2 
Vcc 
CS3 
VMA 


Ao 
011 
RIW 
RIW 


HD6800 
HD44102CH 
~2 
E 


Do 
OBo 
to 
to 
07 
OB7 
Vcc 


RES 
RST 


2. Example of connection to HD6801 


• TheHD6801 
is setto mode 5. PIo-PI4areusedas 
output ports, and P3O-P37 are used as the data bus. 
• The 74LS 154 is a 4-to-l6 
decoder that decodes 4 
bits ofPIo-PI3 
to select the chips. 


• Therefore, 
the HD44102CH 
can be controlled by 
selecting the chips through PI o-Pl3 
and specifying 


the DII signal through PI4 in advance, and later 


conducting 
memory 
read or write for external 
memory space $0100 to $01FF of HD6801. 
The 
IOS signal is output to SCl, and the R/W signal is 
output to SC2. 
• For further details on HD6800 and HD6801, refer 


to their manuals. 


P10 
A 
Yo 
.s;- 
CS1 


P11 
B 
Y1 ;- 
I 
CS2 


P12 
C 
y;S 
I 
- CS3 
~ 
P13 
0 
G1G2 


(IOS)SC1 
f J. 


(RIW)SC2 
R!W 


HD6801 
P14 
011 
HD44102CH 
No.1 
E 
E 


P30 
DBo 


P31 
DB1 
. 
· 


D~7 


(Data Bus) . 
· 
P~7 
i 


Liquid crystal display panel 


32 x 150 dots 


Y 1 
Y 50 


HD44102CH 
No.1 


Y 1 
Y 50 


HD44102CH 
No.2 


Y 1 
Y 50 


HD44102CH 
No.3 


:J: 
Xl 
g~ 
X2 
0_ 
) 
..- 
<II 
( 


~~X15 
:J: 
X 16 


Liquid crystal display panel 


16 x 100 dots 


Y 1 
Y 50 


HD44102CH 
No.1 


Y 1 
Y 50 


HD44102CH 
No.2 


HD44102CH 
HD44102CH 
HD44102CH 
No.6 
No. 7 
------------- 
No. 10 
Y 1 ....--...- 
Y50 
Y 1 ....--...- 
Y50 
Y 1 ....--...- 
Y40 


------------ 
------------ 
------------ 


1 
2 
3,,,,, 
- J: 
Xl 


I 


g"L:" 
X2 f- 


- o ~ 
X31-- 


~~ 
l 
1 
- 
~- 
X20 
: 
~ 
21 


~~ ~;~ 


22 


3b 
Liquid crystal display panel 


64 x 240 dots 
~34 
o ~ l 
: 
~ 
~ca 
: 
! 
~~X12~ 
J: 
i 
52 
53 


54 
~ 


~ 
------------ 
------------ 
--_ •..•.-...---- 


Y 1 ....--...- 
Y50 
Y 1 ....--...- 
Y50 
Y 1 ....--...- 
Y40 


HD44102CH 
HD44102CH 
------------- 
HD44102CH 
No.1 
No.2 
No.5 


The H0441 02 usuallly transfers display control data 
and display data via 8-bit data bus. It also has the 4- 
bit interface function in which the HD44102 transfers 
8-bit data by dividing it into the high-order 4 bits and 
the low-order 4-bits in order to reduce the number of 
wires to be connected. 
You should take an extra care 
in using the application with the4-bit interface function 
since it has the following limitations. 


The H0441 
02 is designed 
to transfer 
the high- 
order 
4-bits 
and the low-order 
4-bits 
of data in 
that order 
after 
busy 
check. 
The LSI does 
not 
work normally 
if the signals 
are in the following 


state 
for the time 
period 
(indicated 
with (*) in 
fifure II) from when the high-order 4 bits are written 
(or read) to when the low-order 4 bits are written (or 
read); R/W = high 
and Oil = low while the chip is 
being selected (CS I = high and CS2 = CS3 = don't 
care, or CS I = low and CS2 = CS3 = high). 


If the signals are in the limited state mentioned before 
for the time period indicated with (*) the LSI does not 
work normally. 
Please do not make 
the signals 
indicated with dotted lines simultaneously. 
As far as 
the time period indicated with (**), there is no problem. 


The following explains how the malfunction iscaused 
and gives the measures in application. 


CS 


RIW 


I 
** 
I 
~ 
Busy 
Writeshigh- 
WritesIow- 
cI1ed< 
Olderbits 
orderbits 


Busy check checks if the LSI is ready to accept the 
next instruction or display data by reading the status 
register to the HD44102. 
And at the same time, it 
resets the internal counter counting the order of high- 
order data and low-order data. This function makes 
the LSI ready to accept only the high-order data after 
busy check. 
Strictly speaking, ifR/W = high and Dj 
I = low while the chip is being selected, the internal 
counter is reset and the LSI gets ready to accept high- 
order bits. Therefore, the LSI takes low-order data for 
high-order data if the state mentioned above exist in 
the interval between transferring high-order data and 
transferring 
low-order data. 


When you control the HD44102 
with the port of a 
single-chip microcomputer, 
you should take care of 
the software and observe the limitations strictly. 


2. 8044102 
Controlled Via Bus 


a. Malfunction Caused by Hazard 


Hazard 
of 
input 
signals 
may 
also 
cause 
the 
phenomenon 
mentioned 
before. 
The phase shift at 
transition 
of the 
input 
signals 
may 
cause 
the 
malfunction 
and so the AC characteristics 
must be 
carefully studied. 


E~ 


CS~ 


RfN~ 


~ 
-:~azard 
Example 
Writing High-Order Data 


Address~ 


(Oil) --0--0- 


DBo- 
DB7 
High-order 
loW-<>rder 
data 
data 


Last 2 Machine Cycles 
of 2-Byte Instruction 


In an application 
with the HD6303, you can prevent 


malfunction by using 2-byte instructions such as SID 
and STX. 
This is because the high-order 
and low- 
order data are accessed in that order without a break 
in the last machine cycle of the instruction and R/W 
and Oil do not change in the meantime. However, you 
cannot 
use the least significant 
bit of the address 


signals as the Oil signal since the address for the 


second byte has an added I. Design the CS decoder 
so that the addresses for the HD441 02 should be 2N 
and 2N + I, and that those addresses 
should 
be 
accessed when using 2-byte instructions. Forexample, 
in figure 14 the address signal AI is used as Oil signal 
and A2 -Au are used for the CS decoder. 
Addresses 
4N and 4N + I are for instruction access and addresses 
4N + 2 and 4N + 3 are for display data access. 


ANI 


E 


HD441 
03------- 
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 


The HD44103CH 
is a common signal driver for dot 
matrix 
liquid crystal 
graphic 
display 
systems. 
It 
generates the timing signals required for display with 
its internal oscillator and supplies them to the column 
driver 
(HD44102CH) 
to control 
display, 
also 
automatically 
scanning the common signals of the 
liquid crystal according to the display duty. 
It can 
select 5 types of display duty ratio: 1/8, 1/12, 1/16, 1/ 
24, and 1/32. 20 driver output lines are provided, and 
the impedance is low (500 0 max.) to enable a large 
screen to be driven. 


• Dot matrix liquid crystal graphic display common 
driver incorporating 
the timing generation circuit 
• Internal oscillator 
(Oscillation 
frequency 
can be 
selected by attaching an oscillation resistor and an 
oscillation capacity) 
• Generates display timing signals 
• 2Q-bit bidirectional 
shift register 
for generating 
common signals 
• 20 liquid crystal driver circuits with low output 
impedance 
• Selectable display duty ratio: 1/8. 1/12, 1/16, 1/24. 
1/32 
• Low power dissipation 
• Power supplies: 
Vcc: 5 V ±IO%, 
VBP,: 0 to-5.5 
V 


a II II ~ II 
•• 
III ••• <.> ! 
»>D 
>. 


Type 
No. 


HD44103CH 


Package 


6O-pln plastic QFP(FP-60) 


~~S~~i 
III~II 


V SUB 


Vcc 
GNO 


VEE 


:I: 


~ 
OL 
0:I:- 
SHL 


Liquid crystal display 
driver circuits 


Bidirectional 
shift 
register 


OS2 
Fs 
OS1 
DS3 


M 
CL 


FRM 


Absolute Maximum 
Ratings 


Item 


Supply voltage (1) 


Supply voltage (2) 


Terminal voltage (1) 


Terminal voltage (2) 


Operating temperature 


Storage temperature 


Rated Value 


-().3 to +7.0 


Vet;-13.5 to Vet;+ 0.3 


-().3 to Vet;+ 0.3 


VEE -().3 to Vet;+ 0.3 


-20 to +75 


-55 to +125 


Unit 


V 


V 


V 


V 


Note 


1 


4 


1,2 


3 


Symbol 


Vet; 


VEE 
VTl 
VT2 


TOIl' 


TIt; 


Notes: 
1. 
Referenced 
to GND = O. 
2. 
Applied to input terminals 
(except V1. V2. V5. and V6) and I/O common terminals. 
3. 
Applied to terminals 
V1, V2. V5. and V6. 
4. 
Connect a protection 
resistor of 220 n ± 5% to VEE power supply in series. 


Electrical 
Characteristics 


(Vcc = +5 V ±10%. GND = 0 V. VEE = 0 to -5.5 V. Ta = ..,20 to +75 °C) (Nole5) 


Item 
Symbol 
Mln 
TypMax 
Unit Test condition 
Note 


Input high voltage 
VIH 
0.7 x Vet; 
Vet; 
V 
6 


Input low voltage 
VIL 
0 
0.3 x Vet; V 
6 


Output high voltage 
VOH 
Vet;- 0.4 - 
V 
lOll••-400 J.1A 
7 


Output low voltage 
VOl. 
0.4 
V 
'01. ••• +400 J.1A 
7 


Vi-Xj on resistance 
RON 
500 
n 
VEE •• -5 ± 10%, 


Load current ±150 ~A 


Input leakage current (1) 
IILI 
-1 
1 
~A 
V/H'" Vet;to GND 
8 


Input leakage current (2) 
1112 
-2 
2 
~A 
VII/" Vet;to VEE 
9 


Shift frequency 
f5FT 
50 
kHz 
In slave mode 
10 


Oscillation frequency 
fosc 
300 
430 560 
kHz 
R,.68kn±2% 
11 


C, •• 10 pF ± 5% 


External clock operating 
fc:p 
50 
560 
kHz 


frequency 


External clock duty 
Duty 
45 
50 
55 
% 
12 


External clock rise time 
t"" 
50 
ns 
12 


External dock fall time 
t.e.. 
50 
ns 
12 


Dissipation power (master) 
PWl 
4.4 
mW CR oscillation •••430 kHz 13 


Dissipation power (slave) 
PW2 
1.1 
mW Frame frequency. 
70 Hz14 


Notes: 
5. 
Specified within this range unless otherwise 
noted. 
6. 
Applied to CR, FS, OS1 to OS3, M, SHl, 
MIS, Cl, 
DR, and OL. 


7. 
Applied to Ol, DR, M, FRM, Cl, ~1 and ~2. 
8. 
Applied to input terminals CR, FS, OS1 to OS3, SHl and M/S, and I/O common terminals 
Ol, DR, M, and Cl at high impedance. 
9. 
Applied to V1, V2, V5, and V6. 
10. 
Shift operation timing 


Mln 
Typ 
Max 
Unit 
0.7Vcc 
Dl/DR 
0.3Vcc 
lsu 
5 
l1S 


tH 
5 
l1S 


0.7Vcc 
t, 
100 
ns 
CL 
0.3Vcc 
\ 
100 
ns 


I, 
If 


The values of Rf and Cf are typical values. 
The oscillation frequency varies with the mounting 
condition. 
Adjust oscillation frequency 
to the 
required value. 


500 


400 


300 


fosc 
200 
(kHz) 100 


Cf = 6pF 


Cf =10pF 


DUTY = 
Th 
Th + Tl 


Open~ 
Open 
R 


External Clock _ 
CR 


13. Measured by Vcc terminal at output non-load of R, = 68 k.Q± 2% and C, = 1OpF± 5%, 1/ 
32 duty factor in the master mode. 
Input terminals must be fixed at Vcc or GND while 
measuring. 


14. Measured by Vcc terminal at output non-load, 1/32 duty factor, frame frequency of 70 Hz 
in the slave mode. 
Input terminals must be fixed at Vcc or GND while measuring. 


Pin Description 


Pin 


Pin Name 
Number 


X1-X20 
20 


Function 


Liquid crystal display driver output. 
Relationshi~ amjng o~tPutIrel, 
~, anJdata (0) in shift register: 


OUlput~ 
level~ 


Rt 
CtMCR"""IoIo. 


Signal for converting liquid crystal display driver signal into AC. 
Master: Output terminal 
Slave: Input terminal 


Pin Name 


CL 


FRM 


DS1-DS3 


Pin 
Number 
110 


VO 


Function 


Shift register shift clock. 


Master: 
Output terminal 
Slave: 
Input terminal 


Frame signal, Display synchronous 
signal. 


Display duty ratio select. 


Display 
Duty Ratio 
1/24 
1/12 
X 
1/32 
1/16 
1/8 


DS1 
L 
H 
L 
H 
L 
H 
L 
H 


DS2 
L 
L 
H 
H 
L 
L 
H 
H 


DS3 
L 
L 
L 
L 
H 
H 
H 
H 


DL,DR 


SHL 


Frequency 
select. 
The relationship 
between 
the frame frequency 
fFRM and the 
oscillation 
frequency 
fosc is as follows: 


FS = High: 
fosc = 6144 
X fFPM 
(1) 
FS = Low: 
fosc = 3072 
X fFRM 
(2) 


Example 
(1) 
When FS = high, adjust Rf and Cf so that the 
oscillation 
frequency 
is approx. 


430 kHz if the frame frequency 
is 70 Hz. 


Example 
(2) 
When FS = low, adjust Rf and Cf so that the 
oscillation 
is approx. 
215 kHz, in order to obtain the 
same display waveforms 
as example 
1. When 
compared 
with example 
1, the power dissipation 
is 
reduced 
because 
of operation 
at lower frequency. 


However, 
the operating 
clocks «1>1and «1>2supplied 
to 
the column driver have lower frequencies. 
Therefore, 
the access time of the column driver HD44102CH 
becomes 
longer. 


Data VO terminals 
of bidirectional 
shift register. 


Shift direction 
select of bidirectional 
shift register. 


SHL 
Shift 
Direction 


H 
DL -+ DR 


L 
DLrDR 


Pin Name 


MIS 


Pin 
Number 
I/O 


I 


Function 


Master/slave 
select. 


MIS = High: 
Master mode 
The oscillator 
and timing generation 
circuit supply display 
timing signals to the display system. 
Each of I/O common 
terminals, 
DL, DR, M, and CL is placed in the output state. 


MIS = Low: 
Slave mode 
The timing generation 
circuit stops operating. 
The oscillator 
is 
not required. 
Connect 
terminal 
CR to VCC' 
Open terminals 
C and R. One (determined 
by SHL) of DL and 
DR, and terminals 
M and CI are placed in the input state. 
Connect 
M, CL and one of DL and DR of the master to the 
respective 
terminals. 
Connect 
FD, DS1, DS2, and DS3 to VCC' 


When display duty ratio is 1/8, 1/12, or 1/16, one HD44103CH 
is 
required. 
Use it in the master mode. 


When display duty ratio is 1/24 or 1/32, two HD44103CHs 
are 
required. 
Use the one in the master mode to drive common 
signals 
1 
to 20, and the other in the slave mode to drive common 
signals 21 to 
24 (32). 


~1,~2 
2 
0 


V1, V2, 
4 
V5,V6 


Vcc 
3 
GND 
Vee 


Operating 
clock output terminals 
for HD441 02CH. 


The frequencies 
of ~1 and ~2 become 
half of oscillation 
frequency. 


Liquid crystal display driver level power supply. 


V1 and V2: 
Selected 
level 
V5 and V6: 
Non-selected 
level 


Power supply. 


Vcc-GND:Power 
supply for intemallogic 
Vcc-Vee: 
Power supply for driver circuit logic 


Oscillator 


The oscillator 
is a CR oscillator 
attached 
to an 
oscillation 
resistor Rf ans osckllation 
capacity 
Cf. 


The oscillation frequency varies with the values of Rf 
and Cf and the mounting conditions. Refer to Electrical 
Characteristics 
(Note 10) to make proper adjustment. 


Timing Genaration Circuit 


The timing generation circuit divides the signals from 
the oscillator and generates display timing signals (M. 
CL. and FRM) and operating clock (q>1and .2) for 
HD44102CH 
according to the display duty ratio set 
by DS I to DS3. In the slave mode. this block stops 
operating. 
It is meaningless 
to set FS. DS I to DS3. 
However. 
connect them to Vcc to prevent floating 
current. 


Bidirectional 
Shift Register 


20-bit bidirectional shift register. 
The shift direction 
is determined by SHL. The data input from DL or DR 
performs a shift operation at the rise of shift clock CL. 


Liquid Crystal Display Driver Circuit 


Each of 20 driver 
circuits 
is a multiplex 
circuit 
composed of four CMOS switches. The combination 
of the data from the shift register with M signal allows 
one of the four liquid crystal display driver levels V I. 
V2. V5. and V6 to be transferred to the outputterminals. 


Applications 


Refer to the applications 
of the HD44102CH. 


HD441 
05------- 
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 


The HD44105H 
is a common 
signal 
driver 
for 
LCD 
dot 
matrix 
graphic 
display 
systems. 
It 
generates 
the timing 
signals 
required 
for display 
with its internal oscillator 
and supplies them to the 
column driver (HD44102H) 
to control display, also 
automatically 
scanning the common 
signals of the 
liquid crystal according to the display duty cycle. 
It can select 7 types of display duty cycle 1/8, 1/12, 
1/16, 1/24,1/32, 
1/48, and 
1/64. 
It provides 
32 
driver output lines and the impedance 
is low (1 kQ 
max) enough to drive a large screen. 


Dot matrix 
graphic 
display 
common 
driver 
including the timing generation circuit 
Internal 
oscillator 
(Oscillation 
frequency 
is 
selectable 
by attaching 
an oscillation 
resistor 
and an oscillation capacitor) 
Generates display timing signals 
32-bit bidirectional 
shift register for generating 
common signals 
32 liquid 
crystal 
driver 
circuits 
with 
low 
impedance 
Selectable 
display 
duty ratio: 
1/8, 1/12, 1/16, 
1/24, 1/32, 1/48, 1/64 
Low power dissipation 
Power supplies: 
Vcc = +5 V ± 10% 
VEE = 0 to -5.5 V 


Type 
No. 


H044105H 


H0441 050 


Package 


60-pin plastic QFP{FP-60) 


Chip 


Absolute 
Maximum 
Rating 
(Ta 
=25°C) 


Item 
Symbol 
Ratings 
Unit 


Supply voltage (1) 
Va;; 
-0.3 to +7.0 
V 


Supply voltage (2) 
VEE 
Va;;-13.5 to Vcc +0.3 
V 


Terminal voltage (1) 
Vn 
-0.3 to Vcc +0.3 
V 


Terminal voltage (2) 
VT2 
VEE-0.3 to Vcc +0.3 
V 


Operating temperature 
Topr 
-20 to +75 
'C 


Storage temperature 
Tstg 
-55 to +125 
'C 


1,2 


3 


Notes: 
1. 
Referred to GNO ••0 V. 
2. 
Applied to input terminals (except for V1. V2, V5. and V6) and I/O common terminals. 
3. 
Applied to terminals V1, V2, V5, and V6. Connect a protection resistor of 47 Q ± 10% to each 
terminal in series. 


0 •.. 
N 
C') 
~ 
ltl 
CD " 


CD 
CD 
0) X X 
X 
X 
X X X X 
X 
x x 


X19 


X7 
X20 


X6 
X21 


X5 
X22 


X4 
X23 


X3 
X24 


X2 
X25 


X1 
X26 


DL 
X27 


GND 
X28 


FS1 
X29 


FS2 
X30 


DS1 
X31 


DS2 
X32 


DS3 
V6 
0 
V5 


R 
V2 


OR 
V1 


STB 
VEE 


...J 
~ 


::IE 
0 
:I: 
N 
•.• FE 
~ 
0 
0 
...J 
a: 0 
en 
-e- -e- 
Z 
::IE z 0 0 z 


Note: 
NCs show unused terminals. 
Don' connect any lines to 
them in using this LSI. 


x; 
~2 ------------------- 
X;O X:1 X:2 


I 
I 
I 
I 
I 
'- 
- 
liquid 
crystal display 
driver circuits 


.--- 
,...- 


Log 
1 
2 
Bidirectional shift 
30 
31 
32 
Logi 
register 
r~ 
""-- 
i4 f-- 


r-- 
Oscillator 
Timing generation circuit 
~ 
- 
ogle 


RIG~ 
C 
- 
R 
C 
DS2 


Vcc 
GND 
VEE 


M 
CL 
FRM 


Electrical 
Characteristics 
(Note 
4) 
(VCC = +5 V ± 10%, GND = 0 V, VEE = 0 to -5.5 V, Ta = -20 to +75°C) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test 
Condition 
Note 


Input high voltage 
V1H 
0.7 x Vee 
Vee 
V 
5 


Input low voltage 
VIL 
0 
0.3 xVee 
V 
5 


Output 
high voltage 
VQi 
Vee-o·4 
V 
1oH--400~ 
6 


Output 
low voltage 
Va. 
0.4 
V 
1a.-400~ 
6 


Vi-Xj On resistance 
Ra.4 
1000 
n 
VEE --5 
V± 100/0, 


load 
current 
±15~ 


Input leakage 
current 
(1) 
IILl 
-1 
1 
~ 
V,., - Vee to GND 
7 


Input leakage 
current 
(2) 
IIL2 
-5 
5 
~ 
VIN - Vcc to VEE 
8 


Shift frequency 
FSFT 
50 
kHz 
In slave mode 
9 


Oscillation 
frequency 
fosc 
300 
430 
560 
kHz 
At - 68 kn ± 2%, 
10 
Cf - 10 pF ± 5% 


External 
clock operating 
fcp 
50 
560 
kHz 
11 
frequency 


External 
clock duty cycle 
Duty 
45 
50 
55 
% 
11 


External 
clock rise time 
trcp 
50 
ns 
11 


External 
clock fall time 
tfcp 
50 
ns 
11 


Dissipation 
power 
PW1 
4.4 
rrfN 
CR oscillation, 
12 
(Master) 
430 kHz 


Dissipation 
power 
PWl 
1.1 
rrfN 
Frame 70 kHz 
13 
(Slave) 


Notes: 
4. 
Specified 
within this range unless otherwise 
noted. 
5. 
Applied to CR, FS1, FS2, DS1 to DS3, M, SHL, MIS, Cl, 
DR, DL, and STB. 


6. 
Applied to DL, DR, M, FRM, CL, ~1, and ~2. 


7. 
Applied to input terminals 
CR, FS1, FS2, DS1 to DS3, SHL, MIS, and STB and 110 oommon 
terminals 
DL, DR, M, and CL at high impedance. 


8. 
Applied to V1, V2, V5, and V6. 
9. 
Shift operation 
timing. 


DLDR 
Min 
Typ 
Max 
Unit 


tsu 
5 
IJS 


O.7Vee 
tH 
5 
IJS 
CL 
0.3Vee 
tr 
100 
ns 


tf 
100 
ns 
tr 
tf 


~~ 


~ 


The values of ~ and Cf are typical 
values. The oscillation frequency 
varies with the mounting condition. 
Adjust oscillation frequency to a 
required value. 


(kHz) 


500 
400 
fosc 
300 
200 
100 
oo 


Cf-6pF 
Cf-10pF 


Tb 
Duty-Th_ 
TI 


open~ 
open 
R 
External clock 
CR 


12. 
Measured by Vex; terminal at output non-loadof ~ - 68 kn± 20k and Cf -10 pF ± 5%, and 1132 
duty cycle in the master mode. 
Input terminals are connected to Vcc or GND. 
13. Measured by Vcc terminal at output non-load, 1132 duty cycle, and frame frequency of 70 Hz 
in the slave mode. 
Input terminals are connected to Vcc or GND. 


Pin Name 
Pin Number 
I/O 


X1-X32 
32 
0 


Function 


Liquid crystal display driver output. 
Relation among output level, M, and data (D) in shift register. 


M 
J 


o 
J 


o 
r 


o r 


Output level + 


V2 + 


V6 + 


V1 + 


V5 + 
CR,R,C 
3 
Oscillator. 


Rf 
Cf 


~ 


CR Oscillator 


I/O 
Signal for converting liquid crystal display driver signal into AC. 


Master: 
Output terminal 
Slave: 
Input terminal 


I/O 
Shift register shift clock. 


Master: 
Output terminal 


Slave: 
Input terminal 
o 
Frame signal, Display synchronous signal. 


I 
Display duty ratio select. 


Display Duty 
Ratio 
1/8 
1/16 
1/32 
1/64 
- 
1/12 
1/24 
1/48 


DS1 
L 
L 
H 
H 
L 
L 
H 
H 


DS2 
L 
H 
L 
H 
LH 
L 
H 


DS3 
L 
L 
L 
L 
HH 
H 
H 


FRM 
1 


DS1-DS3 
3 


Selects frequency. 


The relation between the frame frequency fFRMand the oscillation 
frequency fose is as follows: 


FS1 
FS2 
fose(kHz) 


L 
L 
107.5 


H 
L 
107.5 


L 
H 
215.0 


H 
H 
430.0 


fFRM(Hz) 


70 


70 


70 


70 


fM(Hz) 


35 


35 


35 


35 


fcp(kHz) 


53.8 


53.8 


107.5 


215.0 


fose: 
fFRM: 
fM: 
fcp: 


Oscillation frequency 
Frame frequency 
M signal frequency 
Frequencies of +1 and +2 


Pin Description (cont) 


Pin 
Name 
Pin 
Number 
I/O 


S'T'B 
1 
I 


DL,DR 
2 
I/O 


SHL 
1 
I 


Function 


Input terminal 
for testing. 


Connect 
this terminal 
to Vcc. 


Data I/O terminals 
of bidirectional 
shift register. 


Selects 
shift direction 
of bidirectional 
shift register. 


SHL 
Shift Direction 


H 
DL-+DR 


• 1, +2 
2 
0 


V1, V2, 
4 
V5,V6 


Va;,GND 
3 
VeE 


Selects 
Master/Slave. 


MIS - High: Master mode 
The oscillator 
and timing generation 
circuit operate 
to supply 
display timing signals to the display system. 
Each of 110 common 
terminals, 
DL, DR, M, and CL is in the output state. 


MIS - Low: Slave mode 
The timing generation 
circuit stop operating. 
The oscillator 
is not 
required. Connect terminal CR to Vcc. Open terminals 
C and R. 


One (determined 
by SHL) of DL and DR, and terminals 
M and CL 
are in the input state. Connect 
M, CL and one of DL and DR of the 
master to the respective 
terminals. 
Connect 
FS1, FS2, DS1, DS2, 


DS3, STB to Vcc. When display duty ratio is 118, 1/12, 1/16, 1/24, 
1/32, one HD4410SH 
is required. 
Use it in the master mode. When 
display duty ratio is 1/48, 1164, two HD44105Hs 
are required. 
Use 
one in the master mode to drive common 
signals 1 to 32, and 
another in the slave mode to drive common 
signals 33 to 48(64) . 


Operating 
clock output terminals 
for HD441 02CH. The frequencies 
of 
+1 and +2 are half of oscillation 
frequency. 


Liquid crystal display 
driver level power supply. 


V1 and V2: 
Selected 
level 
V5 and V6: 
Non-selected 
level 


Power supply. 


VCC-GND: 
VCC-VEE: 
Power supply for internal logic 
Power supply for driver circuit logic 


A CR oscillator attached to an oscillation resistor 
Rf and an oscillation capacitor Cf. The oscillation 
frequency varies with the values of Rf and Cf and 
the mounting 
conditions. 
Refer to electrical 
characteristics (note 10)to make proper adjusunenL 


This circuit divides the signals from the oscillator 
and generates display timing signals (M, CL, and 
FRM) 
and 
operating 
clock 
(+1 and +2) for 
HD44I02CH according to the display duty ratio set 
by OS1 to OS3. In the slave mode, this block 
stops operating. It is meaningless to set FSI, FS2 
and OSI to OS3. However, connect them to Vcc 
to prevent floating current. 


A 32-bit bidirectional 
shift register. The shift 
direction is determined by the SHL. The data input 
from OL or OR performs a shift operation at the 
rise of shift clock CL. 


Each of 32 driver circuits is a multiplex circuit 
composed 
of 
four 
CMOS 
switches. 
The 
combination of the data from the shift register with 
the M signal allows one of the four liquid crystal 
display driver levels VI, V2, V5, and V6 to be 
transferred to the output terminals. 


(10 pF) (68 kO) 
Cf 
Rf 


VCC (470) 
V2 


V5 


V4 


V3 


V6 


V1 


Y1 --------- 
Y50 
HD44102CH 
Vl 
(1) 
~ 
V4 


~L 
i~ 
FRM R 0 ROD 
C 
EE 
81 
I 
I S B ~ B S~ 
82EWITO 
7388 


32 )(250 Dots 
1132 Duty Cycle 


Y1 --------- 
Y50 
HD44102CH 
. Vl 
(5) 
~ 
V4 
Vcc 


FRM R 0 ROD 
c~: 
81 
I 
I S 
B ~ B S~ 
82 E WIT 
0 
7 3 88 


n 
Q== 
tDn..•. 
0"= 
c:r 
tD..•. 
~ 
tD= 
=t:'~~~= 
!II= 
==a. 


V1 
= 
V2 
t:' 
vs 
~ 
V4 
~ 
~ 
~ 
VEE 
= 
Nn= 


HD61102------- 
(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 


HD61102 
is a column 
(segment) 
driver 
for dot 
matrix liquid crystal 
graphic 
display 
systems. 
It 
stores 
the display 
data transferred 
from a g-bit 
micro-controller 
in internal 
display 
RAM 
and 
generates dot matrix liquid crystal driving signals. 


Each data bit of display 
RAM corresponds 
to the 
on/off state of a dot of the liquid crystal display. 


As it is internally 
equipped 
with 64 output drivers 
for display, it is available for liquid crystal graphic 
displays with many dots. 


The HD61102, 
which is produced 
by the CMOS 
process, 
can 
complete 
a portable 
battery 
drive 
equipment 
in combination 
with a CMOS 
micro- 
controller, 
utilizing the liquid crystal display's low 
power dissipation. 


Moreover 
it can facilitate dot matrix liquid crystal 
graphic 
display 
system 
configuration 
in 
combination 
with 
the 
row 
(common) 
driver 
HD61103A. 


Dot 
matrix 
liquid 
crystal 
graphic 
display 
column driver incorporating 
display RAM 
RAM data direct 
display 
by internal 
display 
RAM 
RAM bit data 1: On 
RAM bit data 0: Off 
Internal display RAM address counter: 
Preset, increment 
Display RAM capacity: 512 bytes (4096 bits) 
8-bit parallel interface 
Internal liquid crystal display driver circuit: 64 
Display duty: 
Combination 
of frame contro) signal and 
data latch synchronization 
signal make it 
possible to select static or optional duty 
cycle 
Wide range of instruction function: 
Display Data ReadlWrite, 
Display On/Off, 
Set Address, Set Display Start Line, 
Read Status 
Lower power dissipation: 
during display 2mW 
max 
Power supply: 
Ycc: +5 Y ± 10% 
YEE: 0 Y to -10 Y 
Liquid 
crystal 
display 
driving 
level: 
15.5 Y 
max 
CMOS process 


Type 
No. 


HD61102RH 


Package 


100-pin plastic QFP(FP-100) 


ADO 
M 
Vcc 
V4A 
V3R 
V2R 
V1R 


VEE2 
Y64 
Y63 
Y62 
Y61 
Y60 
Y59 
Y58 
Y57 
Y56 
Y55 
Y54 
Y53 
Y52 
Y51 
YSO 
Y49 
Y48 
Y47 
Y46 
Y45 
Y44 
Y43 


HD61102 


Absolute Maximum 
Ratings 


Item 
Symbol 
Value 
Unit 
Note 


Supply 
voltage 
Vcc 
-0.3 
to +7.0 
V 
2 


VEE 
Vcc-16.5to 
Vcc+ 
0.3 
V 
3 


Terminal 
voltage (1) 
VTl 
VEE - 0.3 to Vcc + 0.3 
V 
4 


Terminal 
voltage (2) 
VT')' 
~.3 
to Vcc + 0.3 
V 
2,5 


Operating 
temperature 
Topr 
-20 to +75 
°C 


Storage 
temperature 
Tstg 
-55 to +125 
°C 


Notes: 
1. 
LSIs may be destroyed 
if they are used beyond the absolute 
maximum 
ratings. 
In ordinary 
operation, 
it is desirable 
to use them within the recommended 
operating 
conditions. 
Use beyond 
these conditions 
may cause malfunction 
and poor reliability. 
2. 
All voltage values are referenced 
to GNO _ 0 V. 
3. 
Apply the same supply voltage to VEE1 and VEE2. 
4. 
Applies to V1 L, V2L, V3L, V4L, V1 R, V2R, V3R, and V4R. 


Maintain 
Vcc ~ V1L - V1R ~ V3L - V3R ~ V4L - V4R ~ V2L - V2R ~ Vf£ 
5. 
Applies to M, FRM, CL, RST, ADC, +1, +2, CS1, CS2, CS3, E, FWI, Oil, AOC, and DB~B7. 


Electrical Characteristics 
(GND = 0 V, Vcc = 4.5 to 5.5 V, VEE = 0 to -tOY, Ta = -20 to +75°C) 


Limit 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Te.t 
Condition 
Note 


Input high voltage 
VIHC 
0.7xVce 
Vce 
V 


VIHT 
2.0 
Vce 
V 
2 


Input low voltage 
Vile 
0 
0.3 xVce 
V 
1 


VIlT 
0 
0.8 
V 
2 


Output high voltage 
Vai 
2.4 
V 
IOH--205~ 
3 


Output low voltage 
Va. 
0.4 
V 
IOL-1.6 
mA 
3 


Input leakage current 
III 
-1.0 
+1.0 
~ 
Vin - GND-Vce 
4 


High impedance off 
ITSl 
-5.0 
+5.0 
~ 
Vin - GND-Vce 
5 
input current 


Liquid crystal supply 
IlSl 
-2.0 
+2.0 
~ 
Vin - VEE-Vcc 
6 
leakage current 


Driver on resistance 
Rc.N 
7.5 
Kn 
Vcc- 
VEE-15 V 
7 
±llOAO- 0.1 mA 


Dissipation current 
Ice(l) 
100 
~ 
During display 
8 


1cc(2) 
500 
~ 
During 
Access 
8 
access 
cycle - 
1 MHz 


Notes: 
1. 
Appliesto M. FRM. CL, AST, ADC, +1,and +2. 
2. 
Applies to CS1. CS2, CS3. E. RtN, 0/1, and DBO-OB7. 
3. 
Applies to DBO-OB7. 
4. 
Applies to terminals except for DBa-DB7. 
5. 
Applies to DBa-DB7 at high impedance. 
6. 
Applies to V1L-V4L and V1A-V4R. 


7. 
Applies to Y1-Y64. 
8. 
Specified when liquid crystal display is in 1/64 duty. 
Operation frequency: 
fCLK• 250 kHz (+1and +2 frequency) 
Frame frequency: 
fM • 70 Hz (FAM frequency) 
Specified in the state of 
Output terminal: Not loaded 
Input level: 
VIH- Vcc (V) 
VIL-GND(V) 
Measured at VCCterminal 


CS1-eS3 


011 


2.0V 


0.8 V 


2.0 V 


0.8 V 


CS1-eS3 
2.0 V 


011 
0.8 V 


RL-2.4kn 


R 
-11kn 


C - 130 pF (including 
jig capacitance) 


Diodes 01 to 04 are all IS2074® . 


01 
RL 
Test 
point 


Cl 


02 
R 
03 
04 


Clock 
Timing 
(GND = 0 V. Vcc = 4.5 to 5.5 V. VEE = 0 to -lOV. 
Ta = -20 to +75°C) 


Item 
Symbol 
Mln 


.1, t2 cycle time 
tcyc 
2.5 


+1 low level width 
tWl+1 
625 


t2 low level width 
tWl+2 
625 


.1 high level width 
tWH+1 
1875 


+2 high level width 
tWH+2 
1875 


.1-+2 
phase difference 
t012 
625 


t2-i1 
phase difference 
to21 
625 


.1, t2 rise time 
tr 


+1, +2 fall time 
tf 


Limit 


Typ 
Max 


20 


Unit 
Te.t 
Condition 


I1s 
Fig. 3 


ns 
Fig. 3 


ns 
Fig. 3 


ns 
Fig. 3 


ns 
Fig. 3 


ns 
Fig. 3 


ns 
Fig. 3 


ns 
Fig. 3 


ns 
Fig. 3 


O·7Vee 


O.3Vee 


tl 


tcye 
tWH81 


Limit 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Teat 
Condition 


FRM delay time 
toFRM 
-2 
+2 
~s 
Fig. 4 


M delay time 
tOM 
-2 
+2 
~s 
Fig. 4 


CL low level width 
tWlCl 
35 
~s 
Fig. 4 


CL high level width 
tWHCl 
35 
~s 
Fig. 4 


Display 
Control 
Timing 
(GND = 0 V, Vcc = 4.5 to S.5 V, VEE = 0 to -tOY, Ta = -20 to +7S0C) 


CS1, CS2,CS3 
3 


ANI 
(5 
:I 
011 
0- 


~ 
E 
8 
~ 
0 
OBo-DB7 
::t- 
OY 


III III "TII 
N ...• 
:D 
s:: 


t:l:l 
::r: 
- 
~ 
t:I 
l'\" 
m 


t:l 
~~ 
•... 
0 
= 
r-J 
~ 
V1L 
., 
= 
V2L 
a 
V3L 
V4L 


Y1 
Y2 
Y3 


O-r 
~o15° 
~§: 


64 
~o~~[ 


i!r 
0- 


0 
.go 


=so 
~ 


62 
Y62 
63 
Y63 
64 
Y64 


V1R 
V2R 
V3R 
V4R 


«" 
m m 
UI 6- 
~~ 
~ 0 


"TIO 
:Dr 
s:: 


Terminal 
Name 
Vcc 
GND 


Number of 
Connected 
Terminals 
1/0 
to 


Power 
supply 


Power 
supply 


V1L, V1R 
8 
V2L, V2R 
V3L, V3R 
V4L, V4R 


Power 
supply 


Power supply for internal 
logic. 


Recommended 
voltage is 


GND-OV 
Vcc-+5V±10% 


Power supply for liquid crystal 
display 
drive circuit. 


Recommended 
power supply voltage is Vcc 
-15 to GND. 
Connect the same power supply to VEE1 and VEE2. 


VEE1and VEE2are not connected 
to each other in the LSI. 


Power supply for liquid crystal display 
drive. 


Apply the voltage 
specified 
for the liquid crystals 
within the 
limit of VEE through 
Vcc. 


VIL (V1 R). V2L (V2R): 
Selection 
level 
V3L (V3R), V4L (V4R): 
Non-selection 
level 


Power supplies connected 
with V1 L and V1 R (V2L & V2R, 


V3L & V3R. V4L & V4R) should have the same voltages. 


Chip selection. 


Data can be input or output when the terminals 
are in the 
following 
conditions: 


Terminal name 
CS1 
CS2 
CS3 


Condition 
L 
L 
H 


Enable 


At write{RIW 
• low): 
Data of DBO to DB? is latched 
at the fall of E. 
Data appears 
at DBO to DB? 
while E is high. 


ReadlWrite. 


RIW - High: 
Data appears at DBO to DB? and can be 
read by the CPU when E - high. CS1. CS2 
• low and CS3 - high. 
RIW - Low: 
DBO to DB? accepted 
at fall of E when 
CS1. 0S2'"- low and CS3 - high. 


Data/Instruction. 


DII • High: 
Indicates that the data of DBO to DB? is 
display 
data. 
DII • Low: 
Indicates that the data of DBO to DB? is 
display 
control 
data. 


Address 
control signal determine 
the relation 
between 
Y 
address of display RAM and terminals 
from which the data is 
output. 


ADC - High: 
Y1-$O, Y64-$63 
ADC. 
Low: 
Y64-$O. Y1-$63 


Terminal 
Number of 
Name 
Terminal. 


DBO-OB7 
8 


M 
1 


110 


I/O 
I 


Connected 
to 
MPU 


HD61103A 


Liquid 
crystal 
display 


CPUor 
external 
CR 


Data bus, three-state 
IJO common 
terminal. 


Switch signal to convert 
liquid crystal drive waveform 
into 
AC. 


Display 
synchronous 
signal (frame signal). 
Presets the 6-bit 
display 
line counter 
and synchronizes 
a common 
signal with 
the frame timing when the FRM signal becomes 
high. 


Synchronous 
signal to latch display data. The rising edge of 
the CL signal increments 
the display output address 
counter 
and latches the display 
data. 


2-phase 
clock signal for internal operation. 
The +1 and +2 


clocks are used to perform 
operations 
(110 of display 
data 
and execution 
of instructions) 
other than display. 


Liquid crystal display column 
(segment) 
drive output. 


These pins output light on level when 1 is in the display 
RAM, and light off level when 0 is in it. 


Relation among output level, M, and display data (D) is as 
follows: 


M-'1101 


D~ 


Output 
Iv11 v31 v21 v41 
level~ 


The following 
registers can be initialized 
by setting the RST 
signal to low level: 


1. On/off 
register 
set to 0 (display 
off) 
2. 
Display 
start line register set to line 0 (displays 
from line 0) 


After releasing 
reset, this condition 
can be changed 
only by 
instruction. 


Output 
terminal 
for test. Normally, 
don' 
connect 
any lines 
to this terminal. 


Unused terminals. 
Don' 
connect 
any lines to these 
terminals. 


1. 
I/O burrer 
Data is transferredthrough8 databuses (DBo-DB7). 
DB7: MSB (most significant bit) 
DBO:LSB (least significant bit) 
Data can neither be input nor output unless CST to 
CS3 are in the active mode. Therefore. when CST 
to CS3 are not in active mode it is useless to 
switch the signals of input terminals except RST 
and ADC. that is namely. the internal state is 
maintained and no instruction excutes. Besides. pay 
attention 
to RST and ADC 
which 
operate 
irrespectively by CST to CS3. 


2. 
Register 
Both input regislei' and output register are provided 
to interface to MPU whose the speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and DII signals. 


a. Input Register 
The input 
register 
is used 
to store 
data 
temporarily before writing it into display data 
RAM. The data from MPU is written into input 
register. 
then 
into 
display 
data 
RAM 
automatically by internal operation. 


When m to CS3 are in the active mode and 
DII and R/W select the input register as shown 
in table 1. data is latched at the fall of E signal. 


b. Output Register 
The output register 
is used to store data 
temporarily that is read from display data RAM. 
To read out the data from the output register. 
m to CS3 should be in the active mode and 
both DII and R/W should be I. The read display 
data instruction outputs data stored in the output 
register while E is high. Then. at the fall of E. 
the display data at the indicatedaddress is latched 
into the output register and the address is 
increased by I. The contents in the output 
register is rewritten with READ instruction. 
while is held with address set instruction. etc. 


Therefore.the data of the specifiedaddresscannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say. one 
dummy read is necessary. Figure 5 shows the 
CPU read timing. 


Operation 


Reads data out of output register as internal operation 
(display data RAM -+ 
output 
register). 


Writes data into input register as internal operation 
(input register -+ display 
data RAM). 


Busy check. 
Read of status data. 


Instruction. 


R/W 


1 


"Q 
+ 
III 1/1 
I! 1/1 
Z 
eu!""- 
1/1 1;;"Q + 
C\I 
1/1 ol1z 
+ 
I! 
z 
"Q 
11 
1;; 
~~ 
III 
:).c 
1;; 
Ino 
0 


1/1 
1;;1/1 
z 
11 III I! 
1/1 
CD-"Q 
+ 
1/1 a:{1l1z 
I! 
z 
"Q 
11 
~~ 
'Iii 
III 
ciHi 
1;; 
0 
>: 
E 
11lllE 
Q) 1G :J 
a:"Q~ 
z 


~~ 
:).c 
In 0 


1/1 
CD~ 
-'E "0 
~"2z 


~~ 
:).c 
Ino 


,... 


" 
~ 


W 
1/1 
In 
1/1 
~ 
~ 
0 
I! - 
CD 
:)- 
"Q 
Q..!/! 
~ 
'S~ 
In 
O~ 
0 


Busy flag = 1 indicates that HD61102 is operating 
and no instructions except status read can be 
accepted (figure 6). The value of the busy flag is 


read out on DB7 by the Status Read instruction. 
Make sure that the busy flag is reset (0) before 
issuing an instruction. 


E_Il 
_ 


Busy 
1 


flag 
I-- 


f eLK is lJ1, lJ2 frequency 
Figure 6 


1__ 
--l 


Display 
On/Off 
Flip/Flop 


The display On/off flip/flop selects one of two 
states, on state and off state of segments YI to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It is controlled 
by the display on/off 
instruction. RST signal = 0 sets the segments in 
off state. The status of the flip/flop is output to 
DB5 by the status read instruction. The display 
on/off instruction does not influence data in RAM. 
To control display data latch by this flip/flop, CI 
signal (display synchronous signal) should be input 
correctly. 


Display Start 
Line Register 


The register 
specifies 
a line 
in RAM 
that 
corresponds to the top line of the LCD panel, when 
displaying contents in display data RAM on the 
LCD panel. It is used for scrolling the screen. 


6-bit display start line information is written into 
this register by the display start line set instruction, 
with high level of FRM signal signalling the start 
of the display, the information in this register is 
transferred to the Z address counter, which controls 
the display address, and the Z addr~ss counter is 
preset. 


A 9-bit counter that designates addresses of internal 
display data RAM. X address counter (upper 3 bits) 
and Y address counter (lower 6 bits) should be set 
by the respective instructions. 


1. X address counter 
Ordinary register with no count functions. An 
address is set by instruction. 


2. Y address counter 
An address is set by instruction and it is increased 
by I automatically by display data R/W operations. 
The Y address counter loops the values of 0 to 63 
to count. 


Display Data RAM 


Dot data for display is stored in this RAM. I-bit 
data of this RAM corresponds to light on (data = 1) 
and light off (data = 0) of I dot in the display panel. 
The correspondence between Y addresses of RAM 
and segmentPINs can be reversed by ADC signal. 


As the ADC signal controls the Y address counter, 
a reverse of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, always 
connect ADC pin to Vcc or GND when using. 


Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and ADC = 0 (display start line = 0, 1/64 duty 
cycle). 


----- 
COM 1 
(HD61103AX1) 
----- 
COM2 
(HD61103A 
X2) 
----- 
COM3 
(HD61103A 
X3) 
----- 
COM4 
.(HD61103A 
X4) 
LCD 
----- 
COMS 
(HD61103A 
XS) 
display pattern 
----- 
COM6 
(HD61103A 
X6) 
----- 
COM7 
(HD61103A 
X7) 
----- 
COM8 
(HD61103A 
X8) 
----- 
COM9 
(HD61103A 
X9) 
----- 
......--- 


::::::~--- 
COM62 
(HD61103A 
X62) 
----- 
----- 
COM63 
(HD61103A 
X63) 
----- 
COM64 
(HD61103A 
X64) 


Y1 
Yo 
Y6 -----y 
Y64 
~ 
HD611 02 Pin Name I 
Line 0 ----- 
o 
1 
1 
1 
0 
0 
_____ 
0 
0 
0 
1 
DBO(LSB) 
Line 1 ----- 
1 
0 
0 o 
1 
0 
_____ 
0 
0 
0 
1 
DB1 
Line 2 ----- 
1 
0 
0 o 
1 
0 
1 
0 
0 
1 
DB2 
----- 
1 
0 
0 
0 
1 
0 ----- 0 
1 
0 
1 
DB3 
X-O 
1 
1 
1 
1 
1 
0 
_____ 
0 o 
1 
1 
DB4 


Display 
1 
0 
0 
0 
1 
0 
_____ 
0 o 0 
1 
DBS 


RAM data 
1 
0 
0 o 
1 
0 
_____ 
0 o 0 
1 
DB6 
o 0 
0 o 0 
0 
_____ 
0 o 0 
0 
DB7(MSB) 
o 0 
0 o 0 
0 
_____ 
0 o 0 
0 


X-1 
::::::-- 
I I 
I I 
I I 
I I 


X-7 
::::~--- 


Line 62 ---- 
----- 


Line 63 ---- 
----- 
----- 
o 
1 
2 
3 
4 
S 
616263 
RAM Y Address 


ADC-1 
(Connected 
to Vcc ) 


LCD 
display pattern 


YYYY 
Y 
63 
1 
9 
UneO ----- 
0 1 1 1 0 0 
Une 1 ----- 
1 0 o 0 
1 0 
Une 2 ----- 
1 0 o 0 
1 0 
1 000 
1 0 
X-O 
1 1 1 1 1 0 


Display 
1 000 
1 0 


RAM data 
1 000 
1 0 
0 o 0 0 0 0 
0 o 0 0 0 0 ----- 
X-1 
:::::::: 


Une62 
----- 
Une 63 ----- 


COM1 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COM8 
COM9 


...,-,_...::: 
COM62 
(H 
I 
COM63 
(H 
I 
COM64 
(H 


Y1 
..-1HD61102 Pi 
0 0 0 1 
0 0 0 1 
1 0 0 1 
0 1 0 1 
0 0 1 1 
0 0 0 1 
0 0 0 1 
0 0 o 0 
0 0 o 0 
-- 


...•• 


(HD61103AX1) 
(HD61103A X2) 
(HD61103A X3) 
(HD61103A X4) 
(HD61103A X5) 
(HD61103A X6) 
(HD61103A X7) 
(HD61103A X8) 
(HD61103A X9) 


D61103AX62) 
D61103A X63) 
D61103A X64) 


n Name I 
DBO(LSB) 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7(MSB) 


I I I 
I I I 
I I I 
I I I 


The Z address counter generates addresses for 
outputting the display data synchronized with the 
common signal. This countc(rconsists of 6 bits and 
counts up at the fall of the CL signal. At FRM 
high, the contents of the display start line register 
are preset in the Z counter. 


Display Data Latch 


The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit 


Data is latched at the rise of the CL signal. The 
display on/off instruction controls the data in this 
latch and does not influence data in display data 
RAM. 


The combination of latched display data and M 
signal causes one of the 4 liquid crystal driver 
levels, VI, V2, V3, and V4 to be output 


The system can be initialized by setting m 
terminal to low when turning power on. 
I • 
Display 
off 
2 • 
Set display start 
line register 
line 0 


While RST is low level, no instruction except 
status read can be accepted. Therefore, carry out 
other instructions after making sure that DB4 = 0 
(clear RESEn and DB7 = 0 (ready) by status read 
instruction. 
The conditions of the power supply at initial power 
up are as in table 2. 


Item 


Reset time 


Rise time 


Symbol 


tRST 


Mln 


1.0 


Unit 
Ils 


os 


Do not fail to set the system again because RESET during operation may destroy the data in all the 
registers except On/offregister and in RAM. 


Table 3 shows the instructions. Read/write (RIW) 
signal, datafmstruction (Oil) signal and data bus 
signals (OBOto DB7) are also called instructions 
because the internal operation depends on the 
signals from MPU. 
These explanations are detailed in the following 
pages. Generally, there are the following three 
kinds of instructions. 
1. 
Instruction to set addresses in the internal 
RAM 
2. 
Instruction to transfer data from/to the 
intemalRAM 
3. 
Other instructions 


In general use, the second type of instruction are 
used most frequently. Since Y address of the 
internal RAM is increased by 1 automatically after 
writing 
(reading) 
data, 
the program 
can be 
shortened. During the execution of an instruction, 
the system cannot accept instructions other than the 
status read instruction. Send instructions from 
MPU after making sure that the busy flag is 0, 
which is the proof that an instruction is not being 
excuted. 


tJI 
I:I: 
~ 
0m 
~~ 


Code 
12 


Instructions 
R/W 
D/I 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 
Functions 


Display onloff 
0 
0 
0 
0 
1 
1 
1 
1 
1 
110 
Controls display onloff. RAM data and internal 
status are not affected. 1: on, 0: off. 


Display start line 
0 
0 
1 
1 
Display start line (0-63) 
Specifies the RAM line displayed at the top of the 
screen. 


Set page (X address) 
0 
0 
1 
0 
1 
1 
1 
Page (G-7) 
Sets the page (X address) of RAM in the page (X 
address) register. 


Set Y address 
Y address (0-63) 
Sets the Y address in the Y address counter. 
-l 
0 
0 
0 
1 
• 
c:r' 
Status read 
1 
0 
Busy 
0 
ONI 
RE- 
O 
0 
0 
0 
Reads the status. 
;' 
:I 
OFF 
SET 
1M 


~ 
RESET 
1: Reset 
0: Normal 
••• 
I:l 
0 
fIl 
:I 
ONIOFF 
1: Display off 
::r 
0: Display on 
Cl 
- 
n.. 
Busy 
1: Executing internal operation 
5' 
I:l 
0: Ready 
fIl 


Write display data 
0 
1 
Write data 
Writes data DBO (LSB) 
Has access to the 
to DB7 (MSB) on the 
address of the display 
data bus into display 
RAM specified in 
RAM. 
advance. 
After the 


Read display data 
1 
1 
Read data 
Reads data DBO (LSB) 
access, Y address is 


to DB7 (MSB) from the 
increased by 


display RAM to the data 
1. 


bus. 


Note: 1. 
Busy time varies with the frequency (fCLK) of ~1.and ~2. 
(lIfCLK s TBUSYS 3IfcU<> 


The display data appears when 0 is 1 and disappears 
when 0 is O. Though the data is not on the screen 
when 0 = 0, it remains in the display data RAM. Therefore, you can make it appear by changing 0 = 0 into 
0=1. 


Z address MAMA (binary) of the display data RAM is set in the display start line register and displayed at 
the top of the screen. 
Figure 7 shows examples 
of display (1/64 duty cycle) when the start line = 0-3. When the display 
duty 
cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number 
of LCO screen, 
from the line 
specified by display start line instruction, is displayed. 


COM1 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMa 
COM9 


COM60 
COM61 
COM62 


COM63 
COM64 


COM1 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMa 
COM9 


COM60 
COM61 
COM62 
COM63 
COM64 


COM1 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMa 
COM9 


COM60 
COM61 
COM62 
COM63 
COM64 


COM1 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMa 
COM9 
IIIIIIII 
COM60 
COM61 
COM62 
COM63 


COM64 


a 
a 
1 
a 
1 
1 
1 
A 
A 
A 


X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 8. 


a 
a 
a 
1 
A 
A 
A 
A 
A 
A 


Y address AAAAAA (binary) of the display data RAM is set in the Y address counter. Mter that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 


Yaddress 
a 1 2 --------------- 
61 62 63 


DBa 
} 
Pagea 
x.a 
DB7 


DBa 
} 
Page1 
X.1 
DB7 
• 


1 
0 
Busy I 
0 
ON! 
RESET 
0 
0 
0 
0 
OFF 


Busy: 
When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 
Busy is 1, so you should make sure that Busy is 0 before writing the next instruction. 
ON/OFF: 
Shows the liquid crystal display conditions: on condition or off condition. 
When ON/OFF is 1, the display is in off condition. 
When ON/OFF is 0, the display is in on condition. 
RESET: 
RESET = 1 shows that the system is being initialized. In this condition, no instructions 
exceptstatusread can be accepted. 
RESET = 0 shows that initializing has finished and the system is in the usual operation 
condition. 


0 
1 I 0 
0 
0 
0 
0 
0 
0 
0 


Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then Y address is increased by 1 
automatically. 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 


Reads out 8-bit data DDDDDDDD (binary) from the display data RAM. Then Y address is increased by 1 
automatically. 


One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register in "FUNCTIONOF EACH BLOCK". 
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V5 
V5L, V5R 


V2 
V2L, V2R 


VEE 
VEE 
X64 
GND 


Vc;c 
HD61103A 


SHL 
DL 
Open 


DS1 
DR 
Open 
DS2 


TH 


CL1 
M 
M 
FS 
CL2 
CL 
MIS 
FRM 
FRM 
FCS 
,,1 
,,1 


STB 
,,2 
,,2 


Power supply drc:ult 
-;5V~~)--------- 


V1 
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RST 
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The waveforms 
of Y1to Y64outputs vary with the display date. 
In this 
example, 
the top line of the panel lights up and other dots do not. 


Decoder 


A15 


A1 


VMA 


AO 


RIW 


HD6800 
,,2 


DO 


07 


RES 


011 


RIW 


HD61102 
E 


DBO 


DB7 


RST 


In this decoder (figure 10),addressesof HD61102in theaddressarea of HD6800are: 
Read/writeof the display data 
$FFFF 
Write of display instruction 
$FFFE 
Read out of status 
$FFFE 
Therefore,you can control HD61102by reading/writingthe data at these addresses. 


P10 
A 
YO 
I 
.- 
CS1 


P11 
B 
V;1•• 
..•. 
~ 
I 
I 
P12 
C 
I 
I 
Vcc- 
CS3 
P13 
0 
Y15 


...!... 


G1 G2 


(105) SC1 
t. 


(RIW) SC2 
RIW 


P14 
011 
H061102 
H06801 
No.1 
E 
E 


P30 
OBO 
P31 
OB1 


(Date bus) 
: 
I 
I 
I 
I 
, 
I 
I 
P37 
OB7 


Figure 
11 
Example of Connection with HD6801 


Set HD6801 to mode 5. PIO to PI4 are used as 
the output port and P30 to P37 as the data bus 
(table II). 
74LSI54 4-to-16 decoder generateschip select 
signal to make specified HD61102 active after 
decoding 4 bits of PIO to P13. 
Therefore, after enabling the operation by PIO 
to P13 and specifying DII signal by P14, 
read/write from/to the external memory area 
($0100 to $OIFE) to control HD61102. In this 
case, IDS signal is output from SCI and R/W 
signal from SC2. 
For details of HD6800 and HD6801, refer to 
their manuals. 


< 
X1 
t")~X2 


~~ 
X3 
~~ 
l 
J: 
X 


COM 1 
COM2 
COM3 
iIIIIIIII 


COM64 


Y1--Y64 


HD61102 
No.1 


Y1--Y64 


HD61102 
No.2 


Figure 
12 
Application 
Example 


Note: 
In this example 
(figure 
12), two HD61103As 
output the equivalent 
waveforms. 
So. stand-alone 
operation 
is possible. 
In this case. connect 
COM1 and COM65 to X1. COM2 and COM66 
to X2, ...• 


and COM64 and COM128 to X64. However. for the large screen display. 
it is better to drive in 2 
rows as in this example 
to guarantee 
the display quality. 


HD61103A------ 
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 


Description 


The HD61103A 
is a common signal driver for dot 
matrix 
liquid 
crystal 
graphic 
display 
systems. 
It 
generates 
the 
timing 
signals 
(switch 
signal 
to 
convert LCD waveform 
to AC, frame synchronous 
signal) and supplies 
them to the column driver to 
control display. 
It provides 
64 driver output lines 
and the impedance 
is low enough to drive a large 
screen. 


Dot 
matrix 
liquid 
crystal 
graphic 
display 
common driver with low impedance 
Low impedance: 
1.5 ill max 
lntemalliquid 
crystal display driver circuit: 64 
circuits 
Internal 
dynamic 
display 
timing 
generator 
circuit 
Selectable 
display duty ratio factor 1/48, 1/64, 
1/96, 1/128 
Can be used as a column driver transferring data 
serially 
Low power dissipation: 
Power supplies: 


As 
the 
HD61103A 
is produced 
by 
a CMOS 
process, 
it is fit for use in portable 
battery 
drive 
equipments 
utilizing the liquid crystal display's low 
power consumption. 
The user can easily construct a 
dot matrix liquid crystal graphic display system by 
combining 
the 
HD61103A 
and 
the 
column 
(segment) driver HD61102. 


LCD driver level: 
CMOS process 


During display: 5 mW 
Vcc: +5 V ± 10% 
VEE: 0 to -11.5 V 
17.0 V max 


Type 
No. 


HD61103A 


Package 


100-pin plastic QFP(FP·1 00) 


Absolute 
Maximum 
Ratings 


Item 
Symbol 
Limit 
Unit 
Note 


Power supply voltage 
(1) 
Vex 
-0.3 
to +7.0 
V 
2 


Power supply voltage 
(2) 
VEE 
Vcc -19.0 to Vcc + 0.3 
V 
5 


Terminal 
voltage (1) 
Vn 
-0.3 to Vcc + 0.3 
V 
2,3 


Terminal 
voltage (2) 
VT2 
VEE- 0.3 to Vcc + 0.3 
V 
4,5 


Operating 
temperature 
Topr 
-20 to +75 
·C 


Storage 
temperature 
Tstg 
-55 to 125 
·C 


Notes: 
1. 
If LSls are used beyond absolute 
maximum 
ratings, they may be permanently 
destroyed. 
We 
strongly 
recommend 
you to use the LSI within electrical 
characteristic 
limits for normal 
operation, 
because 
use beyond 
these conditions 
will cause malfunction 
and poor reliability. 
2. 
Based on GND • 0 V. 
3. 
Applies to input terminals 
(except V1L, V1 A, V2L, V2A, V5L, V5A, V6L, and V6A) and 1/0 
common 
terminals 
at high impedance. 
4. 
Applies to V1L, V1 A, V2L, V2A, V5L, V5A, V6L, and V6A. 


5. 
Apply the same value of voltages to V1 Land 
V1 A, V2L and V2A, V5L and V5A, V6L and V6A, 
VEE (23 pin) 
and VEE (58 pin) 
respectively. 
Maintain Vcc ~ V1L = V1A ~ V6L = V6A ~ V5L = V5A ~ V2L = V2A ~ VEE 


X22 
X21 
X20 
X19 
X18 
X17 
X16 
X15 
X14 
X13 
X12 
X11 
X10 
X9 
X8 
X7 
X6 
X5 
X4 
X3 
X2 
X1 
VEE 
V6L 
V5L 
V2L 
V1L 
Vcc 
DL 
FS 


Electrical Characteristics 
DC Characteristics 
(Vcc = +5 V ± 10%, GND = 0 V, VEE = 0 to -11.5 V, 
Ta = -20 to +75°C) 


Specification. 


Te.t 
Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Te.t 
Condition. 
Note 


Input high voltage 
VIH 
0.7 x VCC 
Vcc 
V 


Input low voltage 
VIL 
GND 
0.3 xVcc 
V 


Output 
high voltage 
VOH 
Vcc-0.4 
V 
IoH • -<1.4 mA 
2 


Output 
low voltage 
Va. 
+0.4 
V 
101.+0.4 
mA 
2 


Vi-Xj on resistance 
~ 
1.5 
kn 
VCC-VEE·10V 
3 
Load current 
±150JJA 


Input leakage 
current 
IILI 
-1.0 
+1.0 
JJA 
Vin. 
Oto Vcc 
4 


Input leakage 
current 
IIL2 
-2.0 
+2.0 
JJA 
Vin. 
VEE to Vcc 
5 


Operating 
frequency 
fopr1 
50 
600 
kHz 
In master mode 
6 
External 
clock 
operation 


Operating 
frequency 
fopr2 
50 
1500 
kHz 
In shive mode 
7 
Shift register 


Oscillation 
frequency 
fosc 
315 
450 
585 
kHz 
Cf.20pF±5% 
. 
8, 13 
Rf.47kn±2% 


Dissipation 
current 
(1) 
IGGl 
1.0 
mA 
In master mode 
9, 10 
1/128 duty cycle 
Cf.20pF 
Rf.47kn 


Dissipation 
current 
(2) 
IGG2 
200 
JJA 
In slave mode 
9,11 
1/128 duty cycle 


Dissipation 
current 
lEE 
100 
JJA 
In master mode 
9, 12 
1/128 duty cycle 


Notes: 
1. 
Applies to input terminals 
FS, DS1, DS2, CR, STIr. SHL, MIS, FCS, CL 1, and TH and 110 
common terminals 
DL, M, DR and CL2 in the input state. 
2. 
Applies to output terminals, 
+1, +2, and FRM and 110 common terminals 
DL, M, DR, and CL2 in 


the output 
status. 
3. 
Resistance 
value between terminal X (one of X1 to X64) and terminal 
V (one of V1 L, V1 R, V2L, 
V2R, V5L, V5R, V6L, and V6R) when load current is applied to each terminal 
X. 
Equivalent 
circuit between terminal 
X and terminal 
V. 


V1L. 
V1R 


'-2L.'-2R 


"5L."5R 


VaL. VaR 


RON 


=========~§_~~ Tonn'ooJ X (X'-X64) 


t 
Connect 
one of the lines 


4. 
Applies to input terminals 
FS, OSl. 
OS2, CR. STB, SHL, MIS, FCS, CL 1, and TH, va common 
terminals 
OL. M, DR and CL2 in the input status and NC terminals. 
5. 
Applies to Vl L, Vl R, V2L, V2R, V5L, V5R, V6L, and V6A. 
Don' 
connect 
any lines to Xl to X64. 


6. 
External 
clock is as follows. 


External clock 
waveform 


TH 
Duty cycle - 
TH + TL x 100% 


Min 
Typ 
Max 
Unit 


D~ 
45 
50 
55 
% 
eye 


trcp 
50 
ns 


tfcp 
50 
ns 


trcp 
tfcp 


Extemal 
dj ~~O'f"1 
CR 
R 
C 


7. 
Applies 
to the shift register in the slave mode. For details, 
refer to AC Characteristics. 
8. 
Connect 
oscillation 
resistor (At) and oscillation 
capacitance 
(Cf) as shown 
in this figure. 


Oscillation 
frequency 
(fose> is twice as much as the frequency 
(f+) at +1 or +2. 


Cf -20pF 
At -47kO 


9. 
No lines are connected 
to output terminals 
and current flowing through 
the input circuit is 
excluded. 
This value is specified 
at VIH - Vcc and Vil - GNO. 
10. 
This value is specified 
for current flowing through 
GNO in the folloWing conditions: 
Internal 
oscillation 
circuit is used. Each terminal 
of OS 1, OS2, FS, SHL. MIS, STB', and FCS is 
connected 
to Vcc and each of CL 1 and TH to GNO. Oscillator 
is set as described 
in note 8. 


11. 
This value is specified 
for current flowing through 
GNO under the following 
conditions: 
Each 
terminals 
of OSl, 
OS2, FS, SHL, m, FCS and CR is connected 
to Vcc, CL1, TH, and MIS to 


GNO and the terminals 
CL2, M, and OL are respectively 
connected 
to terminals 
CL2, M, and OL 
of the H0611 03A under the conditions 
doscribed 
in note 10. 


12. 
This value is specified 
for current flowing through 
VEE under the condition 
described 
in note 


10. Don't connect 
any lines to terminal 
V. 
13. 
This figure shows 
a typical 
relation among oscillation 
frequency, 
Rf and ct. Oscillation 
frequency 
may vary with the mounting 
conditions. 


I 
I 
I 
I 
I 
I 
--~--------~---- 
I 
I 
I 
Cf -20pF 
-------- --------f---- 
I 
I 
I 
I 
I 
I 
--------~-------- 
I 
I 
I 
I 
I 
I 
I 
I 
50 
100 


Rf (kn) 


f 
400 
J 


AC Characteristics 
(Vcc 
= +5 V ± 10%, GND = 0 V, VEE = 0 to -11.5 V, Ta = -20 to +75°C) 


Cl2 
(FCS -GND) 
(Shift clock) 


Cl2 


(FCS - Vcc) 
(Shift clock) 


DL (SHL - Vcc) 
DR (SHL - GND) 
Input data 


DR (SHL - Vcc) 
DL (SHL - GND) 
Output data 


O.7Vcc 


0.3Vcc 


tl 


tr 


0.7Vcc 


0.3Vcc 


Item 


Cl2 
low level width (FCS - GND) 


Cl2 
high level width (FCS - GND) 


Cl2 
low level width (FCS - Vcc) 


Cl2 
high level width (FCS - Vcc) 


Data setup time 


Data hold time 


Data delay time 


Data hold time 


Cl2 
rise time 


Cl2falltime 


0.7Vcc 


0.3Vcc 


Symbol 


tWLCL2L 


tWHCl2l 


tWLCL2H 


tWHCL2H 
too 


tOH 
too 


tDHW 


tr 


tf 


Min 


450 


150 


150 


450 


100 


100 


Unit 
Note 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Output 0-------- 
Terminal 
lJ; 
30 pF (Includes 
jig capacitance) 


O.7Va; 


O.3Va; 


DL (SHL - Va;) 
DR (SHL - GND) 


DR (SHL - \be) 
DL (SHL - GND) 


O.7Va; 


O.3Va; 


HD61103A 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Note 


Data setup time 
tDS 
20 
~s 


Data hold time 
tOH 
40 
~s 


Data delay time 
too 
5 
~s 


FRM delay time 
toFRM 
-2 
+2 
~s 


Mdelaytime 
tOM 
-2 
+2 
~s 


Cl2 low level width 
tWlCL2 
35 
~s 


Cl2 high level width 
tWHCl2 
35 
~s 


+1 low level width 
twL+1 
700 
ns 


t2 low level width 
twL+2 
700 
ns 


+1 high level width 
twH+1 
2100 
ns 


+2 high level width 
twH+2 
2100 
ns 


+1-+2 phase difference 
t012 
700 
ns 


+2-+1 phase difference 
t021 
700 
ns 


+1,+2 rise time 
tr 
150 
ns 


+1,+2 fall time 
tf 
150 
ns 


CL1 


TH 


V1L V5L 
X1 
X2 
output termlna s 
X62 X63 X64 
V1R V5R 
------------------- 


•.•.. 
- 
- 
Liquid crystal display 
- 
driver circu~s 


....-- 
- 
1 
2 
Bidirectional shift 
62 
63 
64 
L 
~ic 
register 
Logic 
• 
og 
+- 


••••• 
--r 


~ 


Oscillator 
Timing generation circuit 
T 
-- 
r-:-"1 
LogIC 


RGR 
C 


Vcc 
GND 
VEE 


FCS 


M 
CL2 


FRM 


The CR oscillator generates display timing signals and operating clocks for the HD61102. It is required 
when the HD61103A is used with the HD61102. An oscillation resistor Rf and an oscillation capacitor Cf 
are attached as shown in figure 1 and terminal S'i'B is COlUlectedto the high level. When using an external 
clock, input the clock into tenninal CR and don't connect any lines to terminal R and C. 


I R 
9R 
9 IYOpeR_ 


n 


9r 
,J 
--W:I 
External 
Open 
Rf 
Cf 
clock 


Figure 
1 
Oscillator 
Connection 
with 
8D61102 


The oscillator is not required when the HD61103A is used with the HD61830. Connect terminal CR to the 
high level and don't connect any lines to terminals R and C (figure 2). 


cl 
I 
Open 


Figure 
2 
Oscillator 
Connection 
with 
8D61830 


Timing 
Generator 
Circuit 


The timing generator circuit generates display timing and operating clock for the HD61102. This circuit is 
required when the HD61103A 
is used with the HD61102. Connect tenninal 
MIS to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 
HD61830. In this case connect the terminals FS, DSI, and DS2 to high level and MIS to low level (slave 
mode). 


A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional shift register, which is on the DL side, corresponds to Xl and the highest order bit on the DR 
side corresponds to X64. 


Liquid Crystal Display Driver Circuit 


The combination of the data from the shift register with the M signal allows one of the fOW'liquid crystal 
display driver levels VI, V2, V5 and V6 to be transferred to the output terminals (lable 1). 


Table 1 
Output Levels 


Da" 
from the 
Shift 
Register 
M 
Output 
Level 


1 
1 
V2 


0 
1 
V6 . 


1 
0 
V1 


0 
0 
V5 


Terminal 
Name 


Va; 
GNO 
VEE 


V1l, 
V2l, 
V5l, 
V61, 


V1R. V2R. 
V5R,V6R 


liquid 
crystal display driver level power supply. 


V1l 
(V1 R), V2l 
(V2R): 
Selected 
level 
V5l 
(VSR), V6l 
(V6R): 
Non-selected 
level 


Voltages 
of the level power supplies 
connected 
to V1l 
and V1 R should be the same. 


(This applies to the combination 
of V2l 
& V2R, V5l 
& 
V5R and V6l 
& V6R respectively) 


Selects 
master/slave. 


MIS. 
Vcc: Master mode 


When the HD61103A 
is used with the HD61102, 
timing 
generation 
circuit operates 
to supply display timing 
signals and operation 
clock to the HD611 02. Each of 
110 common terminals 
Dl, 
DR, Cl2, 
and M is in the 
output 
state. 


MIS • GND: Slave mode 


The timing operation 
circuit stops operating. 
The 
HD61103A 
is used in this mode when combined 
with the 
HD61830. 
Even if combined 
with the HD611 02, this 
mode is used when display timing signals (M, data, Cl2, 
etc.) are supplied 
by another HD61103A 
in the master 
mode. 


Terminals 
M and Cl2 
are in the input state. 


When SHl 
is Vex;, DL is in the input state and DR is in 
the output 
state. 


When SHL is GND, DL is in the output state and DR is in 
the input state. 


Vex; or GND 
Selects 
shift clock 
phase. 


FCS • Vex;: 
Shift register operates 
at the rising 
edge of Cl2. 
Select this condition 
when HD611 03A is used with HD611 02 
or when MA of the HD61830 
connects 
to Cl2 
in combination 
with the 
HD61830. 


FCS • GND: 
Shift register 
operates 
at the fall of 
Cl2. 
Select this condition 
when CL 1 of 
HD61830 
connects to Cl2 
in 
combination 
with the HD61830. 


Number of 
Terminals 


1 
1 
2 


8 


Connected 
to 


Power 


supply 


Power 
supply 


Function 


Vcc - GND: Power supply for internal logic. 


Vcc - VEE: Power supply for driver circuit logic. 


Terminal 
Name 


FS 


STB 
lH 
CL1 


Number of 
Terminals 
Connected 
110 
to 


I 
Vccor GND 


Function 


Selects frequency. 


When the frame frequency is 70 Hz, the oscillation 
frequency should be: 


fose - 430 kHz at FCS - Vcc 
fose - 215 kHz at FCS - GND 


This terminal is active only in the master mode. Connect 
it to Vcc in the slave mode. 


Selects display duty factor. 
"'- 


Display Duty Factor 
1/48 
1/64 
1196 
1/128 


DS1 
GND 
GOO 
Vcc 
Vcc 


DS2 
GND 
Vcc 
GND 
Vcc 


These terminals are valid only in the master mode. 
Connect them to Vcc in the slave mode. 


Input terminal for testing. 


Connect STB to Vcc. 


ConnectTH and CL1 to GND. 


Oscillator. 


In the master mode, use these terminals as shown 
below. 


Usage of these terminals in the master mode: 


External 
At 
Cf 
Open 
Clock 
Open 
~~II 
I 
R~R 
CIR 
CR 
Cl 


Open 
I 
I R 


Open 
I 
CI 


Operating clock output terminals for the HD61102. 


Master mode: Connect these terminals to terminals 
+1 and +2of the HD61102 
respectively. 


Slave mode: 
Don' connect any lines to these 
terminals. 


Terminal 
Number 
of 
Connected 
Name 
Terminals 
1/0 
to 
Function 


ffiM 
0 
HD61102 
Frame signal. 


Master mode: Connect this terminal to terminal FRM 
of the HD611 02. 


Slave mode: 
Don' connect any lines to this 
terminal. 


M 
110 
Maof 
Signal to convert LCD driver signal into AC. 
HD61830 or 
Master mode: Output terminal 
M of HD61102 
Connect this terminal to terminal M of 
the HD61102. 


Slave mode: 
Input terminal. 
Connect this terminal to terminal MB 
of the HD61830. 


CL2 
110 
CL1 orMA 
Shift clock. 


of HD61830 
Master mode: Output terminal 
or Cl of 
Connect this terminal to terminal CL of 
HD61102 
the HD61102. 


Slave mode: 
Input terminal 
Connect this terminal to terminal CL 1 
or MA of the HD61830. 


DL,DR 
2 
I/O 
OpenorFLM 
Data 110 terminals of bidirectional 
shift register. 


of HD61830 
DL corresponds to X1's side and DR to X64's side. 


Master mode: Output common scanning signal. 


Don' connect any lines to these 
terminals normally. 


Slave mode: 
Connect terminal FLM of the HD61830 
to DL (when SHL - Vcc) or DR (when 
SHL-GND) 


MIS 
Vcc 
GND 


SHL 
Vcc 
GND 
Vcc 
GND 


DL 
Output 
Output 
Input 
Output 
[A 
Output 
Output 
Output 
Input 
t£ 
5 
Open 
Not used. 


Don' connect any lines to this terminal. 


SHL 
VccorGND 
Selects shift direction of bidirectional 
shift register. 


SHL 
Shift Direction 
Common Scanning Direction 


Vet:, 
DL~DR 
X1 ~X64 


GND 
DL+-DR 
X1 +- X64 


Terminal 
Name 


X1-X64 


Number of 
Terminals 


64 


1/0 
o 


Connected 
to 


Liquid crystal 
display 


Function 


Liquid crystal 
display 
driver output. 


Output one of the four liquid crystal disp~y 
driver levels 
V1, V2. V5, and V6 with the combination 
of the dat from 
the shift register 
and M signal. 
_0_1 


Data 
~ 


~~ut 
~ 


Data 1: Selected 
level 


0: 
Non-selected 
level 


When SHL is Vee, X1 corresponds 
to COM1 and X64 
corresponds 
to COM64. 


When SHL is GND. X64 corresponds 
to COM1 and X1 
corresponds 
to COM64. 


1. 
Use with HD61830 
a. When display duty ratio of LCD is more than 1/64 


HD61830~ 


No.1 
COM 1 
COM64 
LCD I 
One HD611 03A drives 
common 
signals. 


One HD61103Adrives 
common 
signals for 
upper and lower 
panels. 


Two HD61103As 
drive 
upper and lower 
panel separately 
to ensure the 
quality of display. 
No. 1 and No.2 
operate 
in parallel. 


TwoHD61103As 
connected 
serially 
drive common 
signals. 


TwoHD61103As 
connected 
serially 
drive upper and 
lower panels in 
parallel. 


Two sets of 
HD61103As 
connected 
serially drive upper 
and lower panels in 
parallel to ensure 
the quality of display. 


Refer to 
Connection 
list A 


Refer to 
Connection 
list A 


For both of No. 1 
and No.2, 
refer to 
Connection 
list A 


Refer to 
Connection 
list B 
for No.1. 
Refer to Connection 
list C for No.2. 


Refer to 
Connection 
list B 
for No.1. 
Refer to Connection 
list C for No.2. 


Refer to 
Connection 
list B 
for No. 1 and 3. 
Refer to 
Connection 
list C 
for No.2 
and 4. 


One HD611 03A drives 
common 
signals and 
supplies timing 
signals to the 
HD61102s. 


One HD61103A 
drives 
upper and lower 
panels and supplies 
timing signals to 
the HD611 02s. 


Two HD61103As 
drive 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No. 1 supplies 
timing signals to 
No.2 
and the 
HD61102s. 


Refer to 
Connection 
list D 


Refer to 
Connection 
list D 


Refer to 
Connection 
list E 
for No.1 


Refer to 
Connection 
list F 
for No.2 


HD61103A 


Use with HD61102 (RAM type segment driver). 
a. 1/64 duty ratio (See Connection List D) 


C 
X1 
COM1 
Cf 
(X64) 
) 
) 


CR 
) 
LCD panel 
At 
+5 V ('l c) 
X64 
COM64 
~ 
(X1) 
.9 
R1 
• 
..J 
:x: 
R1 
en 
1ii 
M 
M 
.!II 
Cl 
Cl 
HD61102 
R2 
FRM 
FRM 


R1 
< 
91 
91 
M 
0 
92 
92 
.•... 
VCC 
R1 
R3 V2 V2l, V2R 
co0 
:x: 
SHl 
V1V3V4V2 0 ~ w 
VEE 
VEE 
DS1 
~C!)~ 
DS2 


-10V 
TH 


OV 
GND 
Cl1 
FS 
Open 
Dl 
MIS 
Open 
DR 
FCS 
STB 
R3 -150 


Figure 1 
Example 1 


Note: 
1. 
The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 119, the values of R1 and R2 should satisfy 


R1 
1 
4R1 + R2-9 


~i 
~8. 
-l0 
c: 
CDI 
~ 
l!! 
CD 
!E 
'g 
CD 
III 
.r: 
Q. 


CD 
N 
~ 
-liE' 
I 
III 
0 08. 


I 
Ii 


I 
CDI 
~ 
EI 
l!1 
-I 
~ 
-II 
I 
•... 
I 
..•. 
1 
~ 
..9 
." 
• 
> 
- ----- - 
-l:I: 
en 
1i- 


CD 
~ 
> 


0 
Iii 
N 
:::lE 
-i 
~~ 
III 
x~ 


Use with HD61830 (Display controllez). 
a 1/64 duty ratio (See Connection list A) 


Open 
C 
X1 
COM1 
VCC 
CR 
(X64) 
) 
) 
Open 
R 
) 
LCD panel 


Vcc 
Vcc 
X64 
COM64 
~ 
(X1) 
V1 
V1l, V1R 
0 
...J 


V6l, V6R • 
V6 
...J 
:I: 
en 
'Iii 
M 
MB 
.!!! 
CL2 
Cl1 
c: 
HD61830 
.2 
V5 
V5l. V5R 
Y 
Dl(DR) 
FlM 
< 
c: 
V2 
V2l. V2R 
C') 
(Display Controller) 
c: 
0 
8 
C'\l 
DR(Dl) 
Open 


CD 
CD 


CD 
0 
Vcc 
en 
:I: 


VEE 
VEE 
SHl 


GND 
GND 
DS1 
DS2 
TH 
CL1 
FS 
Open 
FRM 
MIS 
Open 
,,1 
FCS 
Open 
,,2 
STB 


co 
~ 
> 
~ ~ -------- 
~ ~ 
~ 
x~ 


Vcc 
Open 
0 
n 
VCC 


VCC 
VCC 
a:a:O 
SHL 
0 


V1 
V1L,V1R 
DS1 
V6l, 
V6R 
DS2 
~ 
V6 
V5L,V5R 
TH 
Q. 
V2L, V2R 
CL1 
Eas 
VEE I 
~ 
FS 
tn 
V5 
GND 
.3 
c 
• 
MIS 


.2 
~ 
..J 
FCS 
Y 
c( 
~ 
c 
V2 
a 
en 
STB 
c 
1ii 
<3 
CD ~.!!! 
X1 
~ 
o 
0 ~ 
(X64 
~ 
~Z_ 
) 


en 


VEE 


GN 
COM 1 
X64 
) 


X1 


LCD 


COM64 
Panel 


COM65 
::f~~:::J 
X1 


~ 
~ 
•.. 
000 
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~ 
FLM 
-- 
i~ 


..Ja: 
) 
MA 
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00 
COM100 
..... 
8 
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X36 
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(X29 
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VEE 
G 
~ 
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1; 
.3 
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• 
~ 
..J 
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c( 
~ 
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a 
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C 
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R 
oo~MIS 
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HD61202------- 
(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 


HD61202 
is a column 
(segment) 
driver 
for dot 
matrix 
liquid 
crystal 
graphic 
display 
systems. 
It 
stores 
the display 
data transferred 
from a 8-bit 
micro controller 
in the internal display RAM and 
generates dot matrix liquid crystal driving signals. 


Each bit data of display RAM corresponds 
to the 
on/off state of a dot of a liquid crystal display to 
provide more flexible than character display. 


As it is internally 
equipped 
with 64 output drivers 
for display, it is available for liquid crystal graphic 
display with many dots. 


The HD61202, 
which is produced 
in the CMOS 
process, 
can 
complete 
portable 
battery 
drive 
equipment 
in combination 
with a CMOS 
micro- 
controller, 
utilizing the liquid crystal display's low 
power dissipation. 


Moreover 
it can facilitate dot matrix liquid crystal 
graphic 
display 
system 
configuration 
in 
combination 
with 
the 
row 
(common) 
driver 
HD61203. 


Dot 
matrix 
liquid 
crystal 
graphic 
display 
column driver incorporating 
display RAM 
RAM data direct display 
by internal 
display 
RAM 
RAM bit data I: On 
RAM bit data 1: Off 
Internal display RAM address counter 
preset, 
increment 
Display RAM capacity: 512 bytes (4096 bits) 
8-bit parallel interface 
Internal liquid crystal display driver circuit: 64 
Display duty cycle: 
Drives 
liquid 
crystal 
panels 
with 
1/32-1/64 
duty cycle multiplexing 
Wide range of instruction function: 
Display Data Read/Write, 
Display On/Off, Set 
Address, Set Display Start Line, Read Status 
Lower power dissipation: during display 2 mW 
max 
Power supply: Vcc: 5 V ± 10% 
Liquid crystal display driving 
voltage: 
8 V to 
17.0 V 
CMOS process 


Type 
No. 


HD61202 


HD61202TFIA 


HD61202D 


Package 


1DO-pin plastic QFP(FP-1 00) 


1DO-pin thin plastic QFP(TFP-60) 


Chip 


HD61202 


Absolute Maximum 
Ratings 


Item 
Symbol 
Value 
Unit 
Note 


Supply 
voltage 
Vex 
-0.3 
to +7.0 
V 
2 


VEE1 
Vcc -19.0 
to Vcc + 0.3 
V 
3 
VEE2 


Terminal 
voltage (1) 
Vn 
VEE- 0.3 to Vex + 0.3 
V 
4 


Terminla 
voltage 
(2) 
VT2 
-0.3 to Vcc + 0.3 
V 
2,5 


Operating 
temperature 
Topr 
-20 to +75 
°C 


Storage 
temperature 
Tstg 
-65 to +125 
°C 


Notes: 
1. 
LSls may be destroyed 
if they are used beyond the absolute 
maximum 
ratings. 
In ordinary 
operation, 
it is desirable 
to use them within the recommended 
operation 
conditions. 
Using them beyond these conditions 
may cause malfunction 
and poor reliability. 
2. 
All voltage values are referenced 
to GNO - 0 V. 
3. 
Apply the same supply voltage to VEE1 and VEE2' 
4. 
Applies to V1 L, V2L, V3L, V4L, V1 R, V2R, V3R, and V4R. 


Maintain 
Vexf!.V1L- 
V1Rf!.V3L- 
V3Rf!.V4L. 
V4Rf!.V2L- 
V2Rf!.Vee 
5. 
Applies to M, FRM, CL, RST, ADC, +1, +2, CS1, CS2, CS3, E, FWI, Oil, and OBG-OB7. 


ADC 
M 
Vcc 
V4R 
V3R 
V2R 
V1R 


VEE2 
Y64 
Y63 
Y62 
Y61 
Y60 
Y59 
Y58 
Y57 
Y56 
Y55 
Y54 
Y53 
Y52 
Y51 
Y50 
Y49 
Y48 
Y47 
Y46 
Y45 
Y44 
Y43 


HD61202TFIA 
(TFP-100) 


Electrical Characteristics 
(GND = 0 V, VCC = 4.5 to 5.5 V, VCC - VEE = 8 to 17.0 V, Ta = -20 to 
+75°C) 


Limit 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 


Input high voltage 
VII·~ 
0.7 x Vex; 
Vcc 
V 


V1HT 
2.0 
Vcc 
V 


Input low voltage 
VILC 
0 
0.3 x Vex; 
V 


VIlT 
0 
0.8 
V 


Output high voltage 
VQi 
2.4 
V 


Output low voltage 
Va.. 
0.4 
V 


Input leakage current 
IlL 
-1.0 
+1.0 
I!A 


Three-state (off) 
IrsL 
-5.0 
+5.0 
I!A 
input current 


liquid crystal supply 
ILSL 
-2.0 
+2.0 
I!A 
leakage current 


Driver on resistance 
~ 
7.5 
kn 


Dissipation current 
Ice (1) 
100 
I!A 


Ice (2) 
500 
I!A 


Teat 
Condition 
Note 


1 


2 


1 


2 
IoH- -2051!A 
3 
Ia..-1.6 mA 
3 


Vin - GND-Vex; 
4 


Vin - GND-Vex; 
5 


Vex;- VEE- 15V 
8 
±ILClAD 
- 0.1 mA 


During display 
7 


During access 
7 
access cycle - 1 MHz 


Notes: 
1. 
Applies to M, FRM, Cl, RST, +1,and +2. 
2. 
Applies to CS1, CS2, CS3, E, AMI, Oil, and OBO--OB7. 
3. 
Applies to OBo-DB7. 
4. 
Applies to terminals except for OBO--OB7. 
5. 
Applies to OBO--OB7at high impedance. 
6. 
Applies to V1l-V4l 
and V1R-V4R. 


7. 
Specified when liquid crystal display is in 1/64 duty cycle mode. 
Operation frequency 
fcU<- 250 kHz (+1and +2frequency) 
Frame frequency 
fM- 70 Hz (FRMfrequency) 
Specified in the state of 
Output terminal: not loaded 
Input level: 
VH - Vcc (V) 
VIL-GNO(V) 
Measured at Vcc terminal 
8. 
Resistance between terminal Y and terminal V (one of V11, V1R, V2l, V2R, V3l, V3R, V41, 
and V4R) when load current flows through one of the terminals Y1 to Y64. This value is 
specified under the following condition: 


Vcc- VEE= 15.5 V 


V1L = V1R. V3L- 
V3R= VCC-2f7 
(VCC-VEE) 


V2L - V2R• V4L - V4R"' VCC+ 2f7 (VCC- 
VEE) 


V1L. 
V1R 
RON 
0 


V3L. 
V3R 
0 


V4L. 
V4R 
0 


V2L. 
V2R 


Terminal 
Y 
(Y1-Y64) 


The following is a description 
of the range of power supply voltage for liquid crystal display drive. Apply' 


positive 
voltage 
to VIL = VIR and V3L = V3R and negative 
voltage to V2L = V2R and V4L = V4R 
within the /iV range. This range allows stable impedance on driver output (RON). Notice that /iV depends 
on power supply voltage Vcc - VEE. 


VCC 
-------- 
V1 (V1L = V1R) 


---- 
V3 (V3L = V3R ) 
Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 
~ 5.0 
------------------------ 
~ 


------------ 
V4 (V4L= V4R) 


-------------- 
V2 (V2L- V2R) 
VEE 
8 
Vcc - VEE 
(V) 


Correlation 
between 
Driver 


Output Waveform 
and Power 
Supply Voltages 
for Liquid 


Crystal Display Drive 


Correlation 
between 
Power 


Supply Voltage VCC- V EEand IN 


Applicable terminals: 
__ 
M, FRM, CL, RST, +1, + 2, CS1, CS2, CS3, 
E, FWI, Oil, AOC 


v,f (I~~,,"') 
PMOS 
Vcc 
,------- ---I 
: 
:--Enable 


NMOS 
:PMOS fr-' 
, 
, 
, 
, 


I 
I 
Data 
I, 
I,,, 
, 
, 
L 
J (Output circuit) 


[three state)) 


Vcc 
....r=- 
PMOS 


Vcc 
....r=- 
NMOS 


Applicable Terminals: 
Y1-Y64 


MPU Interlace 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ta = -20 to +75°C) 


C51-eS3 
2.0 V 


011 
0.8 V 


Test 
01 
RL 


point 


Cl 


02 
R 
03 
04 


RL-2.4kO 
R -11 kO 


C • 130pF (including 
jig capacitance) 


Diodes 01-04 are all 152074(8) . 


HD61202 


Clock Timing 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ta = -20 to +75°C) 


Limit 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Teat 
Condition 


.1, +2 cycle time 
tcyc 
2.5 
20 
ILs 
Fig. 3 


.1 low level width 
tWl.1 
625 
ns 
Fig. 3 


+2 low level width 
tWl.2 
625 
ns 
Fig. 3 


.1 high level width 
tWH+1 
1875 
ns 
Fig. 3 


+2 high level width 
tWH+2 
1875 
ns 
Fig. 3 


.1-+2 
phase difference 
t012 
625 
ns 
Fig. 3 


+2-+1 
phase difference 
t021 
625 
ns 
Fig. 3 


.1, +2 rise time 
tr 
150 
ns 
Fig. 3 


.1, +2fall time 
tf 
150 
ns 
Fig. 3 


tcyc 
tWHe1 


0.7Vcc 


0.3 Vcc 


Display 
Control 
TimiDg 
(GND = OV, Vcc = 4.5 to 5.5 V, Ta = -20 to +75 °C) 


Limit 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Teat Condition 


FRM delay time 
toFRM 
-2 
+2 
~s 
Fig. 4 


Mdelaytime 
tOM 
-2 
+2 
~s 
Fig. 4 


CL bw level width 
twLa. 
35 
~s 
Fig. 4 


CL high level width 
tWHCl 
35 
~s 
Fig. 4 


O.7Vcc 


O.3Vcc 


CS1, CS2, CS3 
ANI 
0/1 
E 
OB~B7 


Interface control 
j------------------ 
IIIIIIIII 
3 I 


8 ....0 
~c!!~ 
~S 


«Ci> 
< 
m m Zo 
~ ~ 
Co 


1 
2 
3 


0."- 
C 
~.~. 
iii· 
!!o: 
"2- 
III 
D.o 


"< 
00< 
64 
0. 
64 
c 
III 
!!l. 
;::I.°i 


CD 
0. 


~ 
iii" 
"2- 


::r 
~ 


62 
53 
64 


V1L 
V2L 
V3L 
V4L 


Y62 
Y53 


Y64 


V1R 
V2R 
V3R 
V4R 


Vex; 
GND 


Terminal 
Number of 
Connected 
Name 
Terminal. 
1/0 
to 
Function. 


Power 
supply 


VEE1 
2 
Power 
VEE2 
supply 


V11, V1R 
8 
Power 
V21, V2R 
supply 
V31, V3R 
V41, V4R 


Power supply for internal 
logic. 


Recommended 
voltage 
is: 


GND.OV 
Vex;.SV±10% 


Power supply for liquid crystal display 
drive circuit. 


Recommended 
power supply voltage is Vex; - VEE • 8 to 17.0 
V. Connect the same power supply to VEEl and VEE2' VEE1 
and VEE2 are not connected 
each other in the LSI. 


Power supply for liquid crystal display drive. 


Apply the voltage 
specified 
depending 
on liquid crystals 
within the limit of VEE through 
Vcc. 


V1L (V1R), V2L (V2R): 
Selection 
level 
V3L (V3R), V4L (V4R): 
Non-selection 
level 


Power supplies connected 
with V1 L and V1 R (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same voltages. 


Chip selection. 


Data can be input or output when the terminals 
are in the 
following 
conditions: 


Terminal Name 
CS1 
CS2 
CS3 


Condition 
L 
L 
H 


Enable. 


At.write(RJW • Low): 
Data of DBO to DB7 is latched at 
the fall of E. 


Data appears at DBa to DB7 while 
E is at high level. 


Readtwrite. 


RJW • High: 
Data appears at DBO to DB7 and can be 
read by the CPU. 
When E • high, 051, CS2. 
low and CS3 • 
high. 


RJW • Low: 
DBa to DB7 can accept at fall of E when 
051, 052 • low and CS3 • high. 


DataJinstruction. 


011• High: 
Indicates that the data of DBO to DB7 is 
display 
data. 


011• Low: 
Indicates that the data of DBO to DB7 is 
display 
control 
data. 


Connected 
to 
Function. 


Ve;dGND 
Address control signal to determine the relation between Y 
address of display RAM and terminals from which the data is 
output. 


ADC - High: 
Y1: $0, Y64: $63 
ADC - Low: 
Y64: $0, Y1: $63 


Data bus, three-state VO common terminal. 


Switch signal to convert liquid crystal drive waveform into 
AC. 


Terminal 
Number 
of 
Name 
Terminal. 
I/O 


ADC 
I 


081-087 
8 


M 
1 


1/0 
t.f'U 


I 
HD61203 


o 
Liquid 
crystal 
display 


Display synchronous signal (frame signal). 


Presets the 6-bit display line counter and synchronizes the 
common signal with the frame timing when the FAM signal 
becomes high. 


Synchronous signal to latch display data. The rising CL 
signal increments the display output address counter and 
latches the display data. 


2-phase clock signal for internal operation. 


The.1 and.2 clocks are used to preform operations (110 of 
display data and execution of instructions) other than 
display. 


Liquid crystal display column (segment) drive output. 


These pins outputs light on level when 1 is in the display 
RAM, and light off level when 0 is it. 


Relation among output level, M, and display data (D) is as 
follows: 


M~ 


D~ 


Output 
IV1 IV~ Iv21 v41 
level 
~ 


CPUor 
The following registers can be initialized by setting the RST 
external CR 
signal to low level. 


1. 
On/off register 0 set (display off) 


2. 
Display start line register line 0 set (displays from 
line 0) 


After releasing reset, this condition can be changed only by 
instruction. 


Unused terminals. Don't connect any lines to these 
terminals. 


1. 
I/O buffer 
Data is ttansfezred through 8 data bus lines (DBO- 
DB?). 
DB?: 
MSB (Most signiflCalltbit) 
DBO: 
LSB (Least significant bit) 
Data can neither be input nor output unlessmto 
CS3 are in the active mode. Therefore. whenm 
to CS3 are not in active mode it is useless to 
switch the signals of input terminals except RST 
and ADC; that is namely. the internal state is 
maintainedand no instruction excutes. Besides.pay 
attention 
to RST and ADC which 
operate 


irrespectively ofm 
to CS3. 


2. 
Register 
Both input register and output register are provided 
to interface to an MPU whose speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and DII signals (table 1). 


a. Input register 
The input register is used to store data temporarily 
before writing it into display data RAM. 
The data from MPU is written into the input 
register. then into display data RAM automatically 
by internal operation. Whenmto CS3 are in the 
active mode and DII and R/W select the input 
register as shown in table 1. data is latched at the 
fall of the E signal. 


b. Output register 
The output register is used to store data temporarily 
that is read from display data RAM. To read out the 
data from output register.mto CS3 should be in 
the active mode and both DII and R/W should be 1. 
With the read display data instruction.data stored in 
the output register is output while E is high level. 
Then. at the fall of E. the display data at the 
indicated address is latched into the output register 
and the addressis increasedby 1. 


The contents in the output register are rewritten by 
the read display data instruction. but are held by 
address set instruction.etc. 


Therefore. the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say. one dummy 
read is necessary. Figure 5 shows the CPU read 
timing. 


Operation 


Reads data out of output register as internal operation 
(display data RAM -+ output 


register) 


Writes data into input register as internal operation 
(input register -+ display data RAM) 


Busy check. 
Read of status data. 


Instruction 


R/W 


1 


011 
~ 
o'Q" 
ANI 
c:., 
"'III 
E 
:I 
n 


~ 


"'ll 
Address 
N 
N+1 
N+2 
~ 
Output 
" 
I 
Data at address N 
I 
Data at address N + 1 
0 
"' 
register 
:I 
Il 
I 
I 
I 
I 
I 


a. 
Busy 
Write 
Busy 
Read 
Busy 
Read 
Busy 
Data read 
- 
DBo-DB7 
I 
"'! 
check 
address 
check 
data 
check 
data at 
check 
address 
S" 
N 
(dummy) 
address 
N + 1 
;" 
N 
lICl 


HD61202 


E_Il 
_ 


Busy 
1 


flag 
I.-- 


Busy Flag 


Busy flag = I indicates that HD61202 is operating 
and no instructions except status read instruction 
can be accepted. The value of the busy flag is read 


out on DB7 by the status read instruction. Make 
sure that the busy flag is reset (0) before issuing 
instructions. 


1 
_ 
-I 


The display on/off flip/flop selects one of two 
states, on state and off state of segments YI to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. 
It 
is 
controlled 
by 
display 
on/off 
instruction. RST signal = 0 sets the segments in 
off state. The status of the flip/flop is output to 
DB5 by status read instruction. Display on/off 
instruction does not influence data in RAM. To 
control display data latch by this flip/flop, CL 
signal (display synchronous signal) should be input 
correctly. 


The display start line register specifies the line in 
RAM which corresponds to the top line of LCD 
panel, when displaying contents in display data 
RAM on the LCD panel. It is used for scrolling of 
the screen. 


6-bit display start line information is written into 
this 
register 
by 
the 
display 
start 
line 
set 
instruction. When high level of the FRM signal 
starts the display, the information in this register is 


transferred to the Z address counter, which controls 
the display address, presetting 
the Z address 
counter. 


A 9-bit counter which designates addresses of the 
internal display data RAM. X address counter 
(upper 3 bits) and Y address counter (lower 6 bits) 
should be set to each address by the respective 
instructions. 


1. X addresscounter 
Ordinary register with no count functions. An 
address is set by instruction. 


2. Y addresscounter 
An address is set by instruction and is increased by 
I automatically by R/W operations of display data. 
The Y address counter loops the values of 0 to 63 
to count. 


Display Data RAM 


Stores dot data for display. I-bit data of this RAM 
corresponds to light on (data = I) and light off (data 
= 0) of 
I 
dot 
in the 
display 
panel. 
The 
correspondence between Y addresses of RAM and 
segment pins can be reversed by ADC signal. 


As the AOC signal controls the Y address coWlter, 
reversing of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, never fail to 
connect AOC pin to Vcc or GND when using. 


Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and AOC = 0 (display start line = 0, 1/64 duty 
cycle). 


COM1 
(H061203 X1) 
----- 
COM2 
(HD61203 X2) 
----- 
COM3 
(H061203 X3) 
----- 
COM4 
(H061203 X4) 
LCD 
----- 
COMS 
(HD61203 X5) 
display pattem 
----- 
COM6 
(HD61203 X6) 
----- 
COM7 
(H061203 X7) 
----- 
COM8 
(HD61203 X8) 
----- 
COM9 
(HD61203 X9) 
----- 


...•.---- 


.- 
..•. 
COM62 
(H 
I 
COM63 
(H 
I 
COM64 
(H 


yy 
2 
Y54 
--1HD61202 
Pin 
0 o 0 1 
0 o 0 1 
1 o 0 1 
0 1 0 1 
0 o 1 1 
0 o 0 1 
0 o 0 1 
0 o 0 0 
0 o 0 0 


-'---- 


061203 X62) 
061203 X63) 
061203 X64) 


't 
UneO ----- 
0 1 1 1 0 0 
Une 1 ----- 
1 0 0 0 
1 0 
Une2 ----- 
1 0 0 0 1 0 
1 0 0 0 1 0 
X.O 
1 1 1 1 1 0 


Display 
1 0 0 0 
1 0 


RAM data 
1 0 0 0 
1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 ----- 
X.1 
...•.---- 


X.7 
:::::::----- 
----- 
Une62 
----- 
Une63 
----- 
----- 


NameI 
DBO(LSB) 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7(MSB) 


I I I 
I I I 
I I I 
I I I 


----- 
COM1 
(HD61203 X1) 
----- 
COM2 
(HD61203 X2) 
----- 
COM3 
(HD61203 X3) 
----- 
COM4 
(HD61203 X4) 
LCD 
----- 
COM5 
(HD61203 X5) 
display pattern 
----- 
COM6 
(HD61203 X6) 
----- 
COM7 
(HD61203 X7) 
----- 
COM8 
(HD61203 X8) 
----- 
COM9 
(HD61203 X9) 


.•...•..- 


yyyy 
y 
1 
9 
Line 0 ---- 
0 1 1 1 0 0 
Line 1 ---- 
1 0 0 o 1 0 
Line 2 ---- 
1 0 0 o 1 0 
1 0 0 o 1 0 
X-O 
1 1 1 1 1 0 


Display 
1 0 0 o 1 0 


RAM date 
1 0 0 o 1 0 
0 0 0 o 0 0 
0 0 0 o 0 0 


X-1 
.•.._- 


X-7 


Line 62 ---- 
Line 63 ---- 


"""' 
-,- 
COM62 
(H 
I 
COM63 
(H 
I 
COM64 
(H 


'v2 
--!HD61202 
Pi 
0 0 o 1 
0 0 o 1 
1 0 o 1 
0 1 o 1 
0 0 1 1 
0 0 o 1 
0 0 o 1 
0 0 o 0 
0 0 o 0 
--I,.- 


061203 X62) 
061203 X63) 
061203 X64) 


n Name I 
DBO(LSB) 
DB1 
DB2 
DB3 
DB4 
DBS 
DB6 
DB7(MSB) 


The Z address 
counter 
generates 
addresses 
for 
outputting 
the display data synchronized 
with the 
common signal. This counter consists of 6 bits and 
counts up at the fall of the CL signal. At the high 
level of FRM, the contents of the display start line 
register is preset at the Z counter. 


Display Data Latch 


The 
display 
data 
latch 
stores 
the display 
data 
temporarily 
that is output from display data RAM 
to the liquid crystal driving circuiL 
Data is latched 
at the rise of the CL signal. 
The display· on/off 
instruction 
controls the data in this latch and does 
not influence data in display data RAM. 


The combination 
of latched 
display 
data and M 
signal 
causes 
one of the 4 liquid 
crystal 
driver 
levels, VI, V2, V3, and V4 to be output. 


The 
system 
can be initialized 
by setting 
RST 
terminal at low level when turning power on. 


1. 
Display off 
2. 
Set display start line register line O. 


While 
RST is low level, 
no instruction 
except 
status read can be accepted. Therefore, execute other 
instructions 
after making sure that DB4 = 0 (clear 
RESET) 
and DB? = 0 (Ready) 
by status 
read 
instruction. 
The conditions 
of power 
supply 
at 
initial power up are shown in table 1. 


Item 


Reset time 


Rise time 


Symbol 


tRsT 


tr 


Mln 


1.0 


Unit 


ILS 


ns 


Do not fail to set the system again because 
RESET 
during operation 
may destroy 
the data in all the 
registers except on/off register and in RAM. 


Table 2 shows the instructions. 
Read/write 
(R/W) signal, data/instruction 
(DII) signal, and data bus signals 


(DBO to DB7) are also called instructions 
because the internal operation 
depends on the signals from the 
MPU. 
These explanations 
are detailed 
in the following 
pages. 
Generally, 
there are following 
three kinds of 
instructions: 


I. 
Instruction to set addresses in the internal RAM 
2. 
Instruction to ttansfer data from/to the internal RAM 
3. 
Other instructions 


In general use, the second type of instruction is used most frequently. Since Yaddress 
of the internal RAM 


is increased 
by 1 automatically 
after writing 
(reading) 
data, the program 
can be shortened. 
During 
the 
execution 
of an instruction, 
the system cannot accept instructions 
other than status read instruction. 
Send 
instructions 
from MPU after making sure that the busy flag is 0, which is proof that an instruction 
is not 
being excuted. 


Instructions 


Display on/off 


R/W 
DII 


o 
0 


Code 
DB? 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


o 
0 
1 
1 
1 
1 
1 
1/0 


0 
Display start line «().-63) 


0 
0 
Page (~7) 


0 
0 
1 
Y address (lH>3) 


0 
Busy 0 
ONI 
Reset 0 
0 
0 
OFF 


Set address 
0 


Status read 
1 


Functions 


Controls display on/off. RAM data and internal 
status are not affected. 1: on, 0: off. 


Specifies the RAM line displayed at the top of the 
screen. 


Sets the page (X address) of RAM at the page (X 
address) register. 


Sets the Y address in the Y address counter. 


Reads the status. 


RESET 
1: Reset 
0: Normal 


ON.OFF 
1: Display off 
0: Display on 


Busy 
1: Internal operation 
0: Ready 


Writes data DBO(LSB) 
Has access to the 
to DB7 (MSB)on the 
address of the display 
data bus into display 
RAM specified in 
RAM. 
advance. After the 


Readsdata DBO(LSB) 
access, Y address is 
to DB7 (MSB)from the 
increased by 1. 
display RAMto the data 
bus. 


Note: 1. 
Busy time varies with the frequency (fcud of ~1, and ~. 
(lIICU< s T BUSY S 3Ilcu<> 


Detailed 
Explanation 


Display 
on/oil 


The display data appears when 0 is 1 and disappears 
when 0 is O. Though the data is not on the screen 
with 0 = 0, it remains in the display data RAM. Therefore, you can make it appear by changing 0= 
0 into 
0=1. 


0 
0 
1 
1 
A 
A 
A 
A 
A 
A 


Z address AAAAAA 
(binary) of the display data RAM is set in the display start line register and displayed 
at the top of the screen. Figure 8 shows examples 
of display (1/64 duty cycle) when the start line = 0-3. 
When the display duty cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number of LCO 
screen, from the line specifIed by display start line instruction, is displayed. 


COM1 
COM2 


COM3 
COM4 
COMS 
COM6 
COM7 
COMa 
COM9 
IIII 
IIII 
COM60 
COM61 
COM62 
COM63 
COM64 


COM1 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMa 
COM9 
IIIIIIII 
COM60 
COM61 
COM62 
COM63 
COM64 


~~--Et§ 


-----~ 


~~--~ 


-----~ 


COM1 
COM2 


COM3 
COM4 
COM5 
COM6 
COM7 
COMa 
COM9 
IIIIIIII 
COM60 
COM61 
COM62 
COM63 
COM64 


COM1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COMB 
COM9 
IIIIIIII 
COM60 
COM61 
COM62 
COM63 
COM64 


~~--~ 
_____ 
§I 


a 
a 
1 
a 
1 
1 
1 I 
A 
A 
A 


X address 
AAA (binary) of the display data ~ 
is set in the X address register. 
After that, writing or 
reading to or from MPU is executed in this specified page lUltil the next page is set. See figure 9. 


a 
a 
a 
1 
A 
A 
A 
A 
A 
A 


Yaddress 
AAAAAA (binary) of the display data RAM is set in the Y address COlUlter.After that, Yaddress 
colUlter is increased by 1 every time the data is written or read to or from MPU. 


Yaddress 
a 1 2 
61 6263 


DBa 
} x-a 
Page a 
DB? 


DBa 
} X-1 
Page 1 
DB? 


1 
0 
Busy 
0 
ON! 
RESET 
0 
0 
0 
0 
OFF 


When Busy is I, the LSI is executing internal operations. No instructions 
are accepted while 
Busy is I, so you should make sure that Busy is 0 before writing the next instruction. 


Shows the liquid crystal display conditions: on condition or off condition. 
When ON/OFF is I, the display is in off condition. 
When ONIOFF is 0, the display is in on condition. 


RESET = 1 shows that the system is being initialized. 
In this condition, 
no instructions 
except status read can be accepted. 
RESET = 0 shows that initializing 
has finished 
and the system is in the usual operation 
condition. 


Writes 8-bit data DDDDDDDD 
(binary) into the display data RAM. Then Y address 
is increased 
by 1 
automatically. 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 


Reads out 8-bit data DDDDDDDD 
(binary) from the display data RAM. Then Y address is increased by 1 
automatically. 
One dummy read is necessary right after the address setting. For details, refer to the explanation 
of output 
register in "FUNCTION 
OF EACH BLOCK". 


Vcc 
Vcc 
X1 
COM1 


V1 
V1L, V1R 
) 
V6 
V6L, V6R 
LCD Panel 
V5 
V5L,V5R 
64.64 
dots 


V2 
V2l,V2R 


VEE 
VEE 
X64 
COM64 (; 
~ 
CJ 
GND 
w 
w 
en 
en 


Vcc 
HD61203 


SHL 
DL 
Open 
~ 
DS1 
DR 
Open 
DS2 


TH 
Y1 
~Y64 


CL1 
M 
M 


FS 
Cl2 
CL 
MIS 
FRM 
FRM 
Vcc 
Vcc 


FCS 
,,1 
,,1 
V1L, V1R 
V1 


STS 
,,2 
,,2 
HD61202 
V2l,V2R 
V2 
V3L, V3R 
V3 
V4l, 
V4R 
V4 


Power supply circuit 
VEE1,VEE2 
VEE 
----------, 
VCC 
ADC 
GND 
+5 V 
VCC) 
RST 
R3V1 


Q 
CPU 


R3V2 
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The waveforms 
of Y1 to Y64 outputs vary with the display date. 
In this 
example. 
the top line of the panel lights up and other dots do not. 


Decoder 


A15 


A1 


VMA 


AO 
011 


RIW 
RIW 


H06800 
H061202 
,,2 
E 


DO 
OBO 


07 
OB7 


RES 
'RST 


In this decodez,addressesofHD61202 in the addressarea ofHD6800 are: 
Read/writeof the display data 
$FFFF 
write of display instruction 
$FFFE 
Read out of status 
$FFFE 


P10 
A 
YO 
I 
..~ 


P11 
B 
Y1 ...• 
CS2 
II 
I 
P12 
C 
I 
I 
Vcc- CS3 


P13 
0 
Y15 


...!.... 


G1 G2 


(IOS)(SC1) 
,. 


(RIW) (SC2) 
RIW 


P14 
011 
HD61202 
HD6801 
No.1 
E 
E 


P30 
DBO 
P31 
DB1 


(Date bus) 
: 
I 
I 
I 
I 
I 
I 
I 
P37 
DB7 


Set HD6801 to mode S. PI0 to P14 are used 
as the output port and P30 to P37 as the data 
bus. 
74LSI54 4-to-16 decoder generates chip select 
signal to make specified HD61202 active after 
decoding 4 bits of PI0 to P13. 


Therefore, after enabling the operation by PIO 
to P13 and specifying DII signal by P14, 
read/write from/to the external memory area 
($0100 to $OIFE) to control HD61202. In this 
case, IOS signal is output from Sel and R/W 
signal from SC2. 
For details of HD6800 and HD6801, refer to 
their manuals. 


X1 
~-c:- X2 
....1X3 
82 
l 
:I:~X64 


LCD Panel 
128 x 480 dots 


Note: 
In this example. two HD61203s output the equivalent waveforms. 
So, stand-alone 
operation 
is 


possible. In this case. connect COM1 and COM65 to X1. COM2 and COM66 to X2 •...• and COM64 
and COM128 to X64. However. for the large screen display. it is better to drive in 2 rows as in this 
example to guarantee the display quality. 


HD61203------- 
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 


The HD61203 
is a common 
signal driver for dot 
matrix 
liquid 
crystal 
graphic 
display 
systems. 
It 
generates 
the 
timing 
signals 
(switch 
signal 
to 
convert LCD waveform 
to AC, frame synchronous 
signal) and supplies 
them to the column driver to 
control display. 
It provides 64 driver output lines 
and the impedance 
is low enough to drive a large 
screen. 


As the HD61203 
is produced by a CMOS process, 
it is fit for use in portable battery-driven 
equipment 
utilizing 
the liquid 
crystal 
display's 
low power 
consumption. 
The user can easily construct 
a dOL 
matrix 
liquid 
crystal 
graphic 
display 
system 
by 
combining the HD61203 and the column (segment) 
driver HD61202. 


Dot 
matrix 
liquid 
crystal 
graphic 
display 
common driver with low impedance 
Low impedance: 
1.5 ill max 
Internal liquid crystal display driver circuit: 64 
circuits 
Internal 
dynamic 
display 
timing 
generator 
circuit 
Display duty cycle 
When used with the column driver HD6I202: 


1/48, 1/64, 1/96, 1/128 
When used with the column driver HD61200: 
Selectable out of 1/32 to 1/128 
Low power dissipation: 
During display: 5 mW 
Power supplies: Vcc: 5 V ± 10% 
Power supply voltage for liquid crystal display 
drive: 8 V to 17 V 
CMOS process 


Type 
No. 


HD61203 


HD61203TFIA 


HD61203D 


Package 


1DO-pin plastic OFP(FP-1 00) 


1DO-pin thin plastic OFP(TFP-60) 


Chip 


HD61203 


Absolute 
Maximum 
Ratings 


Item 
Symbol 
Limit 
Unit 
Note 


Power supply voltage 
(1) 
Vex; 
-0.3 
to +7.0 
V 
2 


Power supply voltage 
(2) 
VEE 
Vex; -19.0 
to Vcc + 0.3 
V 
5 


Terminal 
voltage 
(1) 
Vn 
- 0.3 to Vex; + 0.3 
V 
2,3 


Terminal 
voltage (2) 
VT2 
VEE - 0.3 to Vcc + 0.3 
V 
4,5 


Operating 
temperature 
Topr 
-20 to +75 
'C 


Storage 
temperature 
Tstg 
-55 to +125 
'C 


Notes: 
1. 
If lSls 
are used beyond 
absolute 
maximum 
ratings, they may be permanently 
destroyed. 
We 
strongly 
recommend 
you to use the lSI 
within electrical 
characteristic 
limits for normal 
operation, 
because 
use beyond these conditions 
will cause malfunction 
and poor reliability. 
2. 
Based on GND • 0 V. 
3. 
Applies to input terminals 
(except V1 L, V1 R, V2l, 
V2R, V5L, V5R, V6l, 
and V6R) and 110 
terminals 
at high impedance. 
4. 
Applies to V1 L, V1 R, V2l, 
V2R, V5l, 
V5R, V6L, and V6R. 


5. 
Apply the same value of voltages to V1 land 
V1 R, V2l 
and V2R, V5l 
and V5R, V6l 
and V6R, 


VEE (23 pin) and VEE (58 pin) respectively. 


Maintain Vex; ~ V1l. 
V1R~ V6l. 
V6R ~ V5l 
- V5R ~ V2l. 
V2R ~ VEE 


X22 
X21 
X20 
X19 
X18 
X17 
X16 
X15 
X14 
X13 
X12 
X11 
X10 
X9 
X8 
X7 
X6 
X5 
X4 
X3 
X2 
X1 
VEE 
V6L 
V5L 
V2L 
V1L 
Vcc 
DL 
FS 


HD61203TFIA 
(TFP-100) 


DC Characteristics 
(Vcc 
= 5 V ± 10%, GND = 0 V, Vcc - VEE = 8.0 to 17.0 V, Ta = -20 to +75°C) 


Specifications 


Test 
Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test 
Conditions 
Note 


Input high voltage 
VIH 
0.7xVCC 
Vcc 
V 


Input low voltage 
Vll 
GND 
0.3 x Vcc 
V 
1 


Output 
high voltage 
VQi 
Vcc-0.4 
V 
IoH • -{).4 mA 
2 


Output 
low voltage 
Va. 
0.4 
V 
b..0.4mA 
2 


Vi-Xj 
on resistance 
~ 
1.5 
kn 
Vet:;-VEE·17V 
13 
Load current 
±150J!A 


Input leakage 
current 
Illl 
-1.0 
1.0 
J!A 
Vin. 
Oto Vet:; 
3 


Input leakage 
current 
1112 
-2.0 
2.0 
J!A 
Vin. 
VEE to Vet:; 
4 


Operating 
frequency 
fopr1 
50 
600 
kHz 
In master mode 
5 
external 
clock 
operation 


Operating 
frequency 
fopr2 
0.5 
1500 
kHz 
In slave mode 
6 
shift 
register 


Oscillation 
frequency 
fosc 
315 
450 
585 
kHz 
Cf.20pF±5% 
7, 12 
Rf.47kn±2% 


Dissipation 
current 
IGGl 
1.0 
mA 
In master mode 
8,9 
(1) 
1/128 duty cycle 
Cf.20pF 
Rf.47kn 


Dissipation 
current 
iGG2 
200 
J!A 
In slave mode 
8, 10 
(2) 
1/128 duty cycle 


Dissipation 
current 
lEE 
100 
J!A 
In master mode 
8,11 
1/128 duty cycle 


Notes: 
1. 
Applies to input terminals 
FS, DS1, DS2, CR, SHL, MIS, and FCS and va terminals 
DL, M, DR, 
and CL2 in the input state. 
2. 
Applies to output terminals, 
"1, "2, and FRM and 110 common terminals 
DL, M, DR, and CL2 in 
the output 
state. 
3. 
Applies to input terminals 
FS, OS 1, DS2, CR, SiB, SHL, MIS, FCS, CL 1, and TH, va terminals 
DL, M, DR, and CL2 in the input state and NC terminals. 
4. 
Applies to V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R. Don't connect any lines to X1 to 
X64. 
5. 
External 
clock is as follows. 


External clock 
waveform 


TH 
Duty Cycle. 
TH + TL x 100% 


Min 
Typ 
Max 
Unit 


DU~ 
45 
50 
55 
% 
cy e 


trcp 
50 
ns 


tfcp 
50 
ns 


O·7Vee 
0.5Vee 
0.3V 


t rcp 
tfcp 
External 


cOd< I :J "Pf"~ 
CR 
R 
C 


6. 
Applies to the shift register 
in the slave mode. For details. 
refer to AC Characteristics. 


7. 
Conned 
oscillation 
resister 
(Rf) and oscillation 
capacitance 
(Cf) as shown 
in this figure. 
Oscillation 
frequency 
(fosd 
is twice as much as the frequency 
(f,,) at ,,1 or "2. 


Cf .20pF 
Rf.47kO 


8. 
No lines are connected 
to output terminals 
and current flowing through 
the input circuit is 
excluded. 
This value is specified 
at VIH • Vcc and V1L • GND. 


9. 
This value is specified 
for current flowing through 
GND in the following 
conditions: 
Internal 
oscillation 
circuit is used. Each terminal 
of DS1. DS2, FS. SHL, MIS. STB. and FCS is 
connected 
to Vcc and each of CL 1 and TH to GND. Oscillator 
is set as described 
in note 7. 


10. 
This value is specified 
for current flowing through 
GND under the following 
conditions: 
Each 
terminals 
of DS1. DS2, FS. SHL, STB. FCS. and CR is connected 
to Vcc. CL 1. TH, and MIS to 
GND and the terminals 
CL2. M, and DL are respectively 
connected 
to terminals 
CL2. M. and 
DL of the H061203 
under the condition 
described 
in note 9. 


11. 
This value is specified 
for current flowing through 
VEE under the condition 
described 
in note 9. 
Don' 
connect 
any lines to terminal 
V. 


12. 
This figure shows a typical 
relation 
among oscillation 
frequency. 
Rf and Cf. Oscillation 
frequency 
may vary with the mounting 
conditions. 


N 
~ 
400 
j 


I 
I 
I 
I 
I 
I 
--~--------~---- 
I 
I 
I 
Cf·2O 
pF 
-------- --------t---- 
I 
I 
I 
I 
I 
I 
--------~-------- 
I 
I 
I 
I 
I 
I 
I 
I 
50 
100 


Rf (kn) 


13. 
Resistance between terminal X and terminal V (one of V1 L, V1R, V2l. 
V2R, V5L. V5R. V6L, 


and V6R) when load current flows through one of the terminals X1 to X64. This valuels 
specified under the following conditions: 


Vcc - VEE -17V 


V1L - 
~R' 
VSL- V6R- VcC-1n 
(VCc- VEE) 


V2L - V2R• VSL- VSR- VEE +1n (VCc- VEE) 


V1L. 
ViR 
RON 
0 


~L. 
~R 
0 


"SL.\5R 
0 


"2L.\2R 


Terminal X 
(X1 to X64) 


The following is a description 
of the range of power supply voltage for liquid crystal display drive. Apply 
positive 
voltage 
to VIL = VIR and V6L = V6R and negative 
voltage to V2L = V2R and VSL = VSR 
within the !:N range. This range allows stable impedance on driver output 
(RON). Notice that 4 V depends 
on power supply voltage Vcc - VEE. 


Vcc 
-------- 
V1 (V1L - V1R ) 


---- 
V6 (V6L - V6R) 
Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 


AV 
-----------. 
V5 ("sL - V5R) 


-------------- 
V2 <'I2L - V2R ) 
VEE 


Correlation between Driver 
Output Waveform and Power 
Supply Voltages for Liquid 
Crystal Display Drive 


Correlation between Power 
Supply Voltage VCC- VEE and AV 


Terminal Configuration 


Input Tennlnal 
Applicable Terminals: 
CR, MIS, SHL, FCS, OSl, OS2, FS 


~ 
PMOS 
Applicable Tenninals: 


V1L,V1R 
Xl toX64 


PMOS 
V61,V6R 


NMOS 
V5L,V5R 


NMOS 
V2L, V2R 


VEE 


HITACHI 


Cl2 
(FCS .GND) 
(Shift clock) 


Cl2 
(FCS. 
Vcc) 
(Shift clock) 


DL (SHL • Vcc) 
DR (SHL • GND) 
Input data 


DR (SHL • Vcc) 
DL (SHL • GND) 
Output 
data 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Note 


Cl2 
low level width (FCS-GND) 
tWlCl21 
450 
ns 


Cl2 
high level width (FCS-GND) 
tWlCL2H 
150 
ns 


CL2 low level width (FCS.Vcc) 
tWHCl2l 
150 
ns 


Cl2 
high level width (FCS.Vcc) 
tWHCl2H 
450 
ns 


Data setup time 
tos 
100 
ns 


Data hold time 
tOH 
100 
ns 


Data delay time 
too 
200 
ns 


Output data hold time 
tDHW 
10 
ns 


Cl2 
rise time 
tr 
30 
ns 


Cl2 fall time 
tf 
30 
ns 


Notes: 
1. 
The following 
load circuit 
is connected 
for specification: 


Output 
0 
l 
Terminal 
30 pF (Includes 
jig capacitance) 
J 


O·7Vee 


O.3Vee 


Dl (SHl - Vee) 
DR (SHl _ GND) 
O.7Vee 
I 
O.3Vee 


DR (SHl - Vee) 
Dl (SHl - GND) 


O.7Vee 


O.3Vee 


HD61203 


Item 
Symbol 
Mln 
Typ 
Max 
UnIt 


Data setup time 
tos 
20 
J.ls 


Data hold time 
toH 
40 
J.lS 


Data delay time 
too 
5 
J.ls 


FRM delay time 
toFRM 
-2 
2 
J.ls 


Mdelaytime 
tOM 
-2 
2 
J.lS 


Ct.2 low level width 
tWCUL 
35 
J.ls 


Ct.2 high level width 
tWCL2H 
35 
J.lS 


,,1 low level width 
tW81L 
700 
ns 


,,2 low level width 
tW82L 
700 
ns 


,,1 high level width 
tW81H 
2100 
ns 


,,2 high level width 
tW82H 
2100 
ns 


,,1-e2 
phase difference 
t012 
700 
ns 


,,2-e1 
phase difference 
t021 
700 
ns 


,,1•,,2 rise time 
tr 
150 
ns 


"1, ,,2 fall time 
tf 
150 
ns 


CL1 


lH 


V1L V5L 
o 
p 
ermlnas 
V1A V5A 
X1 
X2 ------------------- 
X62 X63 X64 


Liquid crystal display 
--- 
- 
,....- 


driver circuits 


......- 
- 
1 
2 
Bidirectional shift 
62 
63 
64 
Logic 
register 
Logic 
~ 
.- 
.- 
....• 
b 


Oscillator 
Timing generation circuit 
"l7""l 
- 
ogle 


A Qf{ 
C 


AI 
CI 


VCC 
GND 
VEE 


FCS 


M 
CL2 
FAM 


The CR oscillator 
generates 
display timing signals and operating 
clocks for the HD61202. 
It is required 
when the HD61203 
is used with the HD61202. 
An oscillation 
resister Rf and an oscillation 
capacitor 
Cf 
are attached as shown in figure 1 and terminal STB is connected to the high level When using an external 
clock, input the clock into terminal CR and don't connect any lines to terminals R and C. 


I R 
OR 
0 I~OpeR"""---'nor IJ 
--r:I:I 
External 
Open 
Rf 
Cf 
clock 


The oscillator is not required when the HD61203 is used with the HD61830. Then, connect terminal CR to 
the high level and don't connect any lines to terminals R and C (figure 2). 


cl 
I 
Open 


The timing generator circuit generates display timing and operating clock for the HD61202. 
This circuit is 
required 
when the HD61203 
is used with the HD61202. 
Connect 
terminal 
MIS to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 
HD61830. 
In this case connect the terminals Ps, OSl, and OS2 to high level and MIS to low level (slave 
mode). 


A 64-bit bidirectional 
shift register. The data is shifted from OL to OR when SIn. is at high level and from 
OR to OL when SIn. 
is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional 
shift register, which is on the OL side, corresponds 
to Xl and the highest order bit on the OR 
side corresponds 
to X64. 


Liquid 
Crystal 
Display Driver 
Circuit 


The combination 
of the data from the shift register with the M signal allows one of the four liquid crystal 
display driver levels VI, V2, V5 and V6 to be transferred to the output tenninals 
(table 1). 


Data from the 
Shift Register 


1 
o 


1 
o 


Output Level 


V2 


V6 


V1 


V5 


Terminal 
Name 


Vcc 
GNO 
VEE 


V1L, V2L 
V5L, V6L 
V1R.V2R 
V5R. V6R 


Number of 1/0 
Terminal. 


1 
1 
2 


8 


Connected 
to 


Power 
supply 


Power 
supply 


Function 


Vcc-GND: 
Power supply for intemallogic. 


Vcc-VEE: Power supply for driver circuit logic. 


Liquid crystal display driver level power supply. 


V1L (V1R). V2L (V2R): Selected level 
V5L (V5R). V6L (V6R): Non-selected level 


Voltages of the level power supplies connected to V1L and 
V1R should be the same. (This applies to the combination 
of V2L & V2R, V5L & VSR and V6L & V6R respectively) 


Selects master/slave. 


MIS - Vcc: Master mode 


When the HD61203 is used with the HD61202. timing 
generation circuit operates to supply display timing signals 
and operation clock to the HD61202. Each of VO common 
terminals DL, DR, CL2. and M is in the output state. 


MIS - GND: Slave mode 


The timing operation circuit stops operating. The HD61203 
is used in this mode when combined with the HD61830. 
Even if combined with the HD61202, this mode is used 
when display timing signals (M, data, CL2, etc.) are 
supplied by another HD61203 in the master mode. 


Terminals M and CL2 are in the input state. 


When SHL is Vcc. DL is in the input state and DR is in the 
output state. 


When SHL is GND. DL is in the output state and DR is in 
the input state. 


Selects shift clock phase. 


FCS - Vcc: 
Shift register operates at the rising edge 
of CL2. Select this condition when 
HD61203 is used with HD612020rwhen 
MA of the HD61830 connects to CL2 in 
combination with the HD61830. 


FCS - GND: 
Shift register operates at the fall of CL2. 
Select this condition when CL 1 of 
HD61830 connects to CL2 in combination 
with the HD61830. 


Vcc or GND 
Selects frequency. 


When the frame frequency is 70 Hz, the oscillation 
frequency should be: 


fose - 430 kHz at FCS - Vcc 
fose - 215 kHz at FCS - GND 


This terminal is active only in the master mode. Connect it 
to Vcc in the slave mode. 


Terminal 
Number of 1/0 
Connected 
Name 
Terminals 
to 


DS1,DS2 
2 
VccorGND 


S18 
lH 
CL1 


CR, R,C 


Function 


Selects display duty factor 


Display Duty Factor 
1/48 


DS1 
GND 


DS2 
GND 


1196 
Vcc 


GND 


1/128 
Vcc 


Vcc 


1/64 


GND 


Vcc 


These terminals are valid only in the master mode. 
Connect them to Vcc in the slave mode. 


Vcc or GND 
Input terminal for testing. 


Connectto S18 Vcc. 
ConnectlH and CL1to GND. 


3 
Oscillator. 


In the master mode, use these terminals as shown below: 


External 
At 
Cf 
Open 
Clock 
Open 


~~II 
I 
R~R 
clR 
CR 
ci 


Open 
I 
I R 


Open 
Ici 


Operating clock output terminals for the HD61202. 


Master mode: Connect these terminals to terminals ,,1 


and ,,2 of the HD61202 respectively. 


Slave mode: 
Don' connect any lines to these 
terminals. 


Frame signal. 


Master mode: Connect this terminal to terminal FRM of 


the HD61202. 


Slave mode: 
Don' connect any lines to this terminal. 


Signal to convert LCD driver signal into AC. 


Master mode: Output terminal. 


Connect this terminal to terminal M of the 
HD61202. 


Slave mode: 
Input terminal. 
Connect this terminal to terminal MB of 
the HD61830. 


I/O 
MBof 
HD61830 
orMof 
HD61202 


Terminal 
Number of 1/0 
Connected 
Name 
Termlnale 
to 
Function 


I/O 
CL1 or MA of 
HD61830 or 
CLof 
HD61202 


Shift clock 


Master mode: 
Output terminal 
Connect this terminal 
to terminal 
CL of 
the HD61202. 


Slave mode: 
Input terminal 
Connect this terminal to terminal 
CL 1 or 
MA of the HD61830. 


Open or FLM 
of HD61830 
Data 1..0 terminals 
of bidirectional 
shift register. 


DL corresponds 
to X1's side and DR to X64's side. 


Master mode: 
Output common 
scanning 
signal. 
Don't 
connect 
any lines to these terminals 
normally. 


Slave mode: 
Connect terminal 
FLM of the HD61830 
to 
DL (when SHL - Vex:) or DR (when SHL - 
GND) 


Vex; 
MIS 


SHL 
Vcc 


DL 
Output 


DR 
Output 


Not used. 


Don't connect 
any lines to this terminal. 


Selects 
shift direction 
of bidirectional 
shift register. 


SHL 
Shift Direction 
Common 
Scanning 
Direction 


GND 


GND 
Vex: 


Input 


Output 


Output 


Output 


Output 


Input 


Vcc 


GND 


DL-'DR 


DL+-DR 


X1 -. X64 


X1 +-X64 


Liquid 
crystal 
display 


Liquid crystal 
display 
driver output. 


Output one of the four liquid crystal display 
driver levels 
V1, V2, V5, and V6 with the combination 
of the data from 
the shift register 
and M signal. 


Data 
~ 


Output 
I V2 I V6 I V1 I V5 I 
level 
~ 


When SHL is Vcc, X1 corresponds 
to COM1 and X64 
corresponds 
to COM64. 


When SHL is GND, X64 corresponds 
to COM1 and X1 
corresponds 
to COM64. 


Outline of HD61203 System Configuration 


1. 
Use with HD61830 
a. When display duty ratio of LCD is 1/64 


HOO1","~ 


No.1 
COM1 
COM64 
LCD I 


One HD61203 
drives 
common 
signals. 


One HD61203 
drives 
common 
signals for 
upper and lower 
panels. 


Two HD61203s 
drive 
upper and lower 
panels separately 
to ensure the 
quality of display. 
No. 1 and No.2 
operate 
in parallel. 


Two HD61203s 
connected 
serially 
drive common 
signals. 


Two HD61203s 
connected 
serially 
drive upper and 
lower panels in 
parallel. 


Two sets of 
HD61203s 
connected 
serially drive upper 
and lower panels in 
parallel to ensure 
the quality of 
display. 


Refer to 
Connection 
list A. 


Refer to 
Connection 
list A. 


For both of No. 1 
and No.2, 
refer to 
Connection 
list A. 


Refer to Connection 
list B for No.1. 
Refer to Connection 
list C for No.2. 


Refer to Connection 
list B for No.1. 
Refer to Connection 
list C for No.2. 


Refer to Connection 
list B for No. 1 
and 3. 
Refer to Connection 
list C for No.2 
and 4. 


LCD I 


One HD61203 
drives 
common 
signals and 
supplies timing 
signals to the 
HD61202s. 


One HD61203 
drives 
upper and lower 
panels and supplies 
timing signals to 
the HD61202s. 


Two HD61203s 
drive 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No. 1 supplies 
timing signals to 
No.2 
and the 
HD61202s. 


Refer to 
Connection 
list D. 


Refer to 
Connection 
list D. 


Refer to 
Connection 
list E 
for No.1. 


Refer to 
Connection 
list F 
for No.2. 


Use with HD61202 (RAM type segment driver) 
a 
1/64 duty ratio (See Connection 
List D) 


C 
X1 
COM1 
Cf 
(X64) 
) 
) 


CR 
) 
LCD panel 
At 
+5 V rt, C) 
X64 
COM64 
(X1) 


R1 
~ 
• 
..J 
R1 
:x: 
en 
M 
M 
lii 
CL2 
CL 
HD61202 
R2 
.!!! 
FRM 
FRM 


R1 
,,1 
,,1 
C') 
0 
,,2 
,,2 
('Ij 
VCC 
R1 
R3 V2 V2L, V2R 
CD0 
:x: 
SHL 
V1V3V4V2 g~ l:tl 
VEE 
VEE 
DS1 
>CJ> 
DS2 


-10V 
TH 


OV 
GND 
CL1 


FS 


Open 
DL 
MIS 


Open 
DR 
FCS 


STB 
R3 -15 n 


Figure 1 
Example 1 


Note: 
The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 119, the values of R1 and R2 should satisfy 


R1 
1 
4R1 + R2-9 


For example, 


R1-3kn, 
R2-15kn 


~ 
~0 
"2 
co 
ife. 


...J 
0 
CaIaI 
J 
8c! 
aI!t 
-0 


31 
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Qj 
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I 
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'& 
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~ 
•...~ 
~~ 
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HD61203 


Use with HD61830 (Display controller) 
a. 
1/64 duty ratio (See Connection 
List A) 


Open 
C 
X1 
COM 1 
Vcc 
CR 
(X64) 
) 
) 
Open 
R 
S 


LCD panel 


VCC 
X64 
COM64 
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HD661 
08------- 
(RAM-Provided 
165-Channel LCD Driver 
for Liquid Crystal Dot Matrix Graphics) 


The HD6610ST 
under 
control 
of an S-bit MPU 
can drive a dot matrix graphic LCD (liquid-crystal 
display) employing bit-mapped display with support 
of an S-bit MPU. 
Use of the HD6610STenables 
a simple LCD system 
to be configured with only a small number of chips. 
since it has all the functions required for driving the 
display. 
The HD6610ST also enables highly-flexible 
display 
selection due to the bit-mapped method, in which one 
bit of data in a display RAM turns one dot of an LCD 
panel on or off. A single HD6610ST 
can display a 
maximum of 100 x 65 dots by using its on-chip 165 
x 65-bit RAM. Also, by using several HD6610ST's. 
a display can be further expanded. 
The HD6610ST 
employs 
the CMOS process 
and 
TAB package. Thus. if used together with an MPU. it 
can provide the means for a battery-driven 
pocket- 
size graphic display device utilizing the low current 
consumption 
of LCDs. 


• Four types of LCD driving circuit configurations 
can be selected: 


Configuration 
Type 


Column outputs only 


Row outputs from the 
left and right sides 


Row outputs from the 
right side 1 


Row outputs from the 
right side 2 


No. of 
Column 
Outputs 


165 


100 


No. of Row 
Outputs 
o 


65 (from left: 32, 
from right: 33) 


65 


• Seven types of multiplexing 
duty ratios can be 
selected: 1/32. 1/34, 1/36, 1/4S. 1/50. 1/64. 1/66 
Notes: The maximum number of row outputs is 65. 
• Built-in bit-mapped display RAM: 10 kbits (165 x 
65 bits) 
• The word length of display data can be selected 
according to the character font: 8-bit or 6-bit 
• A standby operation is available 
• The display can be extended through a multi-chip 
operation 
• A built-in CR oscillator 
• An S(}.system CPU interface: 
CI> = 4 MHz 
• Power supply voltage for operation: 2.7 V to 6.0 V 
• LCD driving voltage: 6.0 V to 15.0 V 
• Low current consumption: 
400 ~ 
max (at fose = 
500 kHz. fose is external clock frequency) 


Type No. 
Package 


HD66108TOO 
208 pin TCP 


Note: 
The details of TCP pattern 
are shown in 
"The Information 
of TCP" 
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Pin Description 


No. 
No. 
Classification 
of Pins 
Symbol 
I/O 
of Pins 
Function 


Power 
8,9,35,36 
Vcc1-Vcc4 
4 
Connect these pins to VCC' 


Supply 
12 - 14 
GND1-GND3 
3 
Ground these pins. 


1,43 
VEE1, VEE2 
2 
These pins supply power to the LCD driving 
circuits and should usually be set to the V6 
level. 


2, 7 
V6L, V1L, 
12 
Apply an LCD driving voltage V1 to V6 to 
37,42 
V1R, V6R, 
these pins. 
4,5 
V4, V3, 
6,39,38 
VMH1-VMH3, 
3,40,41 
VML1-VML3 


CPU 
23 
CS 
Input a chip select signal via this pin. A CPU 
Interface 
can access the HD66108Ts 
internal 
registers only while the CS signal is low. 


25 
WR 
I 
1 
Input a write enable signal via this pin. 


26 
RD 
I 
1 
Input a read enable signal via this pin. 


24 
RS 
I 
1 
Input a register select signal via this pin. 


27-34 
DBo-DB7 
I/O 
8 
Data is transferred 
between 
the HD66108T 
and a CPU via these pins. 


LCD Driving 
44-208 
Xo-X164 
0 
165 
These pins output LCD driving signals. 
Output 
The Xo-X31 
and X10o-X164 
pins are 
column trow common 
pins and output row 
driving signals when so programmed. 
X32- 
X99 pins are column pins. 


LCD 
21 
FLM 
I/O 
This pin outputs a first line marker when the 
Interface 
HD66108T 
is a master chip and inputs the 
signal when the chip is a slave chip. 


20 
CL1 
I/O 
This pin outputs latch clock pulses of display 
data when the chip is a master chip and 
inputs clock CL 1 pulses when the chip is a 
slave chip. 


22 
M 
I/O 
This pin outputs or inputs an M signal, which 
converts 
LCD driving outputs to AC; it 
outputs the signal when the HD66108T 
is a 
master chip and inputs the signal when the 
chip is a slave chip. 


Control 
10 
OSC1 
I 
Input system clock pulses via this pin. 


Signals 
11 
OSC2 
0 
This pin outputs clock pulses generated 
by 
the internal CR oscillator. 


19 
CO 
0 
This pin outputs the same clock pulses as 
the system clock pulses, the OSC1 pin of a 
slave chip. 
Connect 
with the OSC1 pin of a slave chip. 


18 
t:Ns 
This pin specifies 
master/slave. 
Set this pin 
low when the HD66108T 
is a master chip 
and set high when the chip is a slave chip; 
must not be changed 
after power-on. 


17 
RESET 
Input a reset signal via this pin. Setting this 
pin low initializes 
the HD66108T. 


15,16 
TEST1, 
2 
These pins input a test signal and should 
TEST2 
usually be set low. 
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Vcc2-Vcc3 ----l> 


GND1-GND3 ---7), 


M 
CL1 
FLM 
MS 


RESET 
• 


CO 
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OSC1 
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Register List 


Reg. No. 
CSRS2 
1 
0 


1 - - - - - 
Invalid - 


0 
0 - 
AR 
Address 


0 
1 
0 
0 
o 
DRAM 
Display 
Memory 


0 
1 
0 
0 
1 
XAR 
X 
address 


0 
1 
0 
1 
o 
YAR 
Y 
address 


0 
1 
0 
1 
1 
FCR 
Control 


0 
1 
1 
0 
o 
MDR 
Mode 


0 
1 
1 
0 
1 
CSR 
C select 


0 
1 
1 
1 
o - 
Invalid 


0 
1 
1 
1 
1 - 
Invalid 


None 
1.5 clocks max 


None 
1.5 clocks max 


Notes: 
1. 
Shaded bits are invalid. Writing 1 or 0 to invalid bits does not affect LSI operation. Readin! 
these bits 
returns O. 
2. 
DRAM is not actually a register but can be handled as one. 
3. 
setting the WLS bit of control registerto 
1 invalidates D7 and D6 bits of the display memor: 
register. 
4. 
DRAM must not be written to or read from until a time period of teLl has elapsed rewritin! 
the DUTY bit of FCR or the FFS bit of MDR. teLl can be obtained from the followin! 
equation; in general, a time period of 1••• or greater is sufficient if the frame frequency 
i. 


60-90 
Hz. 


tCLI= 
Ni.fc~~kHZ) 
(ms) --- Equation 1 


D2 (duty correction value 2) 
: 
192 (dutY = 1/32, 1/34, or 1/36) 
128 (duty = 1/48 or 1/50) 
96 (duty = 1/64 or 1/66) 
Ni (frequency-division 
ratio specified by the mode register's FFS bits) 
2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8 
Refer to "6. Clock and Frame Frequency." 
fCLK: 
Input clock frequency 
(kHz) 


The HD66I08T can assign a maximum of 65 out 
of 165 channels to row outputs for LCD driving 
. It also incorporates a timing generator and display 
memory, which are necessary to drive an LCD. 


Using LCD expansion signals CLl, FLM, and M 
enables thedisplay size to beexpanded. In this case, 
LCD expansion signal pins output corresponding 
signals when pin MIS is set low for master mode 
and conversely input corresponding signals when 
pin MIS is set high for slave mode; LCD expansion 
signal pins of both master chip and slave chips must 
be mutually connected. Figure 2 shows a basic 
system configuration using two HD66108T chips. 


If connected to an MPU and supplied with LCD 
driving voltage, one HD66108T chip can be used 
to configure an LCD system with a 100 x 65 dot 
panel (figure I). In this case, clock pulses should 
be supplied by the internal CR oscillator or the 
MPU. 


LCD driving 
power supply 


1. 
Display Size Programming 


A variety of display sizes can be programmed by 
changing the system configuration and internal 
register settings. 


(1) System Configuration 
Using 1 HD66108T 
Chip 
Whenthe 65-row-outputmodeisselectedby internal 
register settings, a maximum of 100 dots in the X 
direction can be displayed (figure 3 (a». Display 
size in the Y direction can be selected from 32 , 
34, 36, 48, 50, 64 , and 65 dots according to display 
duty setting. Note that Y direction settings does not 
affect those in the X direction (100 dots). 


Whenthe 33-row-outputmodeisselectedbyinternal 
register settings, a maximum of 132 dots in the X 
direction can be displayed (figure 3 (b». 


sizes and the control register's (FCR) ROS and 
DUTY bits. ROS and DUTY bit settings determine 
the function of X pins. For more details, refer to 
" 4.1 Row Output Pin Selection." 


(2) System Configuration 
Using 1 HD66108T 
Chip and 1 HD61203 Chip as Row Driver 
A maximum of 64 dots in the Y direction and 165 
dots in the X direction can be displayed. 48 or 64 
dots in the Y direction can be selected by HD6l203 
pin settings (figure 3 (c». 


(3) System 
Configuration 
Using 2 or 
more 
HD66108T Chips 
X direction size can be expanded by 165 dots per 
chip. Figure 3 (d) shows a 265 x 65-dot display. 
Y direction size can be expanded up to 130 dots 
with 2 chips; a 100 x 13Q-dotdisplay provided by 
2 chips is shown in figure 3 (e). 


Table 1 Relationship between Display Size and Register Settings (No. of Dots) 


ROS Bit Setting 
Duty Bit Setting (Multiplexing Duty Ratio) 
1/66 
(XG-X164Pin Function) 
1732 
1734 
1/36 
1/48 
1150 
1/64 


165-eolumn-output 
Specified by a row driver 


65-row-output from the 
X: 100 
X: 100 
X: 100 
X: 100 
X: 100 
X: 100 
X: 100 


right side 
Y: 32 
Y:34 
Y: 36 
Y:48 
Y:50 
Y: 64 
Y:65 


65-row-output from the 
X: 100 
X: 100 
X: 100 
X: 100 
X:100 
X: 100 
X: 100 


left and right sides 
Y: 32 
Y:34 
Y: 36 
Y:48 
Y:50 
Y: 64 
Y:65 


33-row-output from the 
X: 132 
X: 132 
X: 132 
X: 132 
X: 132 
X: 132 
X: 132 


right side 
Y:32 
Y:33 
Y: 33 
Y:33 
Y:33 
Y: 33 
Y:33 


X: 
132 dots-----..~ 


1133 
__________ 
..J.. dots 
T 
Y: 65 


L....-. 
....J 1 
dots 
(b) Configuration 
Using 1 HD66108T 
Chip (2) . 


(33-Row Output from the Right Side) 


(a) Configuration 
Using 1 HD6610aT 
Chip (1) 
(65-Row Output from the Right Side) 


T 
Y: 64 


L..- 
---' 1dots 


(c) Configuration 
Using 1 HD66108T 
Chip and 1 HD61203 
as Row Driver 
(165-Column 
Output) 


Area displayed 
by 
chip 1 
. 


Area displayed 
by 
chip 2 
T 
Y: 651dots 


I 
______________ 
Y: 
130 
~l 


dots 


Area displayed 
by chip 2 


Area displayed 
by 
chip 1 


2. 
Display Memory Construction 
and Word 
Length Setting 


The HD66108T 
has a bit-mapped 
display memory 
of 165 x 65 bits. As shown in figure 4, data from 
the MPU is stored in the display memory, with the 
MSB (most significant 
bit) on the left and the LSB 
(least significant 
bit) on the right. 


The sections 
on the LCD panel corresponding 
to 
the display 
memory 
bits in which 
l's are written 
will be displayed 
as on (black). 


Display area size of the internal RAM is determined 
by control register (FCR) settings (refer to table 1). 


The start address in the Y direction for the display 
area is always YO,independent of the registersetting. 
In contrast, 
the start address in the X direction 
is 
XO in the modes for 165-column-output, 
65 -row- 
output from the right side, and 33-row-output 
from 


the right side, and is X32 in the 65-row-output 
mode 
from the left and right sides. 


Each display area contains the number of dots shown 
in table 
I, beginning 
from each start address. 


For more detail, refer to •• 4.2 Row Output 
Data 
Setting, 
•• figures 
15 to 19. 


In the display memory, one X address is assigned 
to each word of 8 or 6 bits long in X direction. 
(Either 8 or 6 bits can be selected 
as word length 
of display data.) Similarly, one Y address is assigned 
to each row in Y direction. 


Accordingly, 
X address 20 in the case of 8-bit word 
and X address 
27 in the case of 6-bit word have 
• 
5 
and 
3 
bits 
of 
display 
data, 
respectively. 
Nevertheless, 
data is also stored here with the MSB 
on the left (figure 5). 


COM1 
CO~2 


COM65 i 


XOXl X2 X3 X4XS X6X7 
· 
. 
· 
. 
· 
. 
· 
. 


YO 
! 
>- 


Y64 


X address 
($00) 
($01) ($02) 
($12) 
($13) ($14) 
o 
1 
2 
18 
19 
20 
~l:g~:~:::::::ffl 


:~:~~:::::::::::::::::~ 
Y 
dd 
t:=±=±=± 
±=::t=tj 
a 
ress 
(a) Address Assignment When 1 Word is 8 Bits Long 


X address 
($00)($01)($02)($03) 
($18)($19)($1A)($1B) 


o 
1 
2 
3 
24 
25 
26 
27 
~:~:~::::::=t=m 
:=Bili::::::~ 
Yaddress 
(b) Address Assignment When 1 Word is 6 Bits Long 


3.1 Display Memory and Data Register Accesses 
(1) 
Access 
Figure 6 shows the relationship 
between the 
address 
register 
(AR) and internal 
registers 
and display memory in the HD66108T. Display 
memory shall be referred to as a data register 
since it can be handled 
as other registers. 


To access a data register, the register address 
assigned to the desired register must be written 
into the address 
register's 
Register 
No.bits. 
The MPU will access only that register until 
the register 
address 
is updated. 


(2) 
Busy Check 
A busy 
time 
period 
appears 
after 
display 
memory read/write 
or X or Y address register 
write, 
since 
post-access 
processing 
is 
performed 
synchronously 
with internal clock 
pulses. Updating 
data in registers 
other than 
the address 
register 
is disabled 
during 
this 
time. 
Subsequent 
data must be input 
after 
confirming ready mode by reading the address 
register. The busy time period is a maximum 
of 8 clock pulses after display memory read/ 
write and a maximum of 1.5 clock pulses after 
X or Y address 
register 
write (figure 7). 


(3) 
Dummy 
Read 
When reading out display data, the data which 
is read out immediately 
after setting the X and 
Y addresses is invalid. Valid data can be read 
out after one dummy read, which is performed 
after setting the X and Y addresses 
desired 
(figure 
8). 


(4) 
Limitations 
on Access 
As shown in figure 9, the display memory must not 
be rewritten 
until a time period of to-lor 
longer 
has elapsed 
after rewriting 
the control 
register's 
DUTY bits or the mode register's FFS bits. However, 
display memory and registers other than the control 
register 
and mode register 
can be accessed 
even 
during this time period. to-I can be obtained 
from 
the following equation. If using an LSI with a frame 
frequency 
of 60 Hz or greater, a time period of 1 
ms should be sufficient. 


t 
= 
D2 
0.1 
Ni-faJ( (kHz) 


D2 ( duty correction 
value 2 ) : 
192 ( duty = 1/32, 1/34, or 1/36) 
128 ( duty = 1/48 or 1/50 ) 
96 ( duty = 1/64 or 1/66 ) 


Ni ( frequency-division 
ratio specified by the mode 
register's 
FFS bits ) 
2, 1, 1/2, 1/3. 1/4, 1/6, or 1/8 
faJ( 
: 
Input clock frequency 
(kHz) 


Registers 
accessible 
with pin RS ~ 0 


Address 
register 


BUSY FLAG 
I 
Ready 
: 
Busy 8 clock pluses max 
.:.. 


Internal 
I 


operation 
too: 
----:-: 
Operates internally 
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Figure 7 Relationship between Clock Pulses and Busy Time ( Updating Display Data ) 
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3.2 X and Y Address Counter 
Auto-Incrementing 
Function 
As described 
in "2. Display Memory Construction 
and Word Length Setting, "the 
HD66108T display 
memory has X and Y addresses. 
Internal X address 
counter and Y address counter both employ an auto- 
incrementing 
function. After display data is read or 
written, the X or Y address is incremented according 
to the address increment direction selected by internal 
register. 


Although X addresses up to 20 are valid when 8 bits 
make up one word ( up to 27 when 6 bits make up one 
word ), the X address counter can count up to 31 since 
it isas-bit free counter. Similarly, although Y addresses 
up to 64 are valid, the Y address counter can count up 
to 127. Consequently, 
X or Y address must be re-set 
at an appropriate point as shown in figure 10. 


+20--1 
Re-set X address 


+ 
21 
Dummy readlwrite 


(1) Example of X Address 
Counter 
Increment 
(Word Length: 
8 bits) 


+ 
31--1 
Re-set Y address 


+ 
32 
Dummy readlwrite 
III 
II 
: 
Invalid display area 
IIIII 


+ 
127 


(2) 
Example 
of Y Address 
Counter 
Increment 
(Multiplexing 
dUty ratio: 
1/32) 


Figure 10 XlY Address Counter Increment 
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4. Selection for LCD Driving Circuit Configuration 


4.1 Row Output 
Pin Selection 
The HD 661 08T can assign a maximum of 65 pins for 
row outputs among the 165 pins named Xo-XI64. 
The Xo-XI64 
pins can be classified into four blocks 
labeled A. B. C. and 0 (figure 11 (a». 
Blocks A. C. 
and 0 consist of row/column common pins and block 
B consists of column pins only. The output function 
of the LCD driving 
pins and the combination 
of 
blocks can be selected by internal registers. 


Figure 11 shows an example of 165-column-output 
mode. This configuration 
is useful when using more 
than 1 HD66108T chip or using the HD66108T as a 
slave chip of the HD61203. 


Figure 12 shows an example of 65-row-output 
mode 
from the right side. 
Blocks A and B are used for 
column output and blocks C and 0(Xl OO-XI64 pins) 
for row output. This configuration offers an easy way 


of connecting row output lines in the case of using one 
or more HD66108T chips. 


Figure 13 shows an example of 65-row-output 
mode 
from the left and right sides. 32 pins ofXo-X31 
and 
33 pins ofXI32-XI64 
are used for row output here. 


This configuration 
offers an easy way of connecting 
row output 
lines 
in the case of using 
only one 
HD66108T chip. 


Figure 14 shows an example of 33-row-output 
mode 
from the rightside. 
Block O. i.e.•XI32-XI64 
pins. is 
used for row outputs. 
This configuration 
provides a 
means for assigning many pins to column outputs 
when 1/32 or 1/34 multiplexing duty ratio is desired. 


In all modes. it is row data and multiplexing duty ratio 
that determine which pins are actually used among the 
pins assigned to row output. Y values shown in table 
1 indicate the numbers of pins that are actually used. 
Pins not used must be left disconnected. 


XO-----------. 
X31 
Xl00------------ 
X131 


r 
• 
4 


Column driver 
Column driver 
Column driver 
Column driver 


,------- - -. 


: 
I, 
._ - _I 
\ 
I 
\ 
Row 
: 
'- 


driver 
I 
, 
I 
, 
I 
, 
r--·' 
I 
~ 
I 
• 


• XO ------------ 
X3t 
rO 
------------ 
X13f 


Column driver 
Column driver 
Row driver 
Row driver 


(b) System Configuration 


Figure 12 6S-Row-Output Mode from the Right Side 


XO -----------. 
X31 
X100------------ 
X131 
• 
• 
i 


Row driver 
Column driver 
Column driver 
Row driver 


• 


HD66108 


XO------------ 
X31 
Xl00------------ 
X131 
• 
• 
+ 
i 


Column driver 
Column driver 
Column driver 
Row driver 


4.2 Row Output Data Setting 
If certain LCD driving output pins are assigned to row 
output, data must be written to display memory for 
row output. The specific area to which this data must 
be written depends on the row-output mode and the 
procedure of writing row data to the display memory 
(0 or 1 to which bits?) depends on which X pin drives 
which line of the LCD. Row data area is determined 
by the control register's 
(FCR) ROS and DUTY bits 
and is identical to the protected area, which will be 
described below. 
(165-column-output 
mode has no 
protected 
area. thus requiring 
no row data to be 
written (figure 15).) 


Procedure of writing row data to the display memory 
is as follows. 
First, 1 must be written to the bit at the 
intersection 
between 
line Yj and line (column) 
Xi 
(column). 
Line Yj is filled with data to be displayed 
on the first line of the LCD and line Xi is connected to 
pin Xn, which 
drives 
the first line of the LCD. 
Following 
this, Os must be written to the remaining 
bits on line Yj in the row data area. This rule applies 
to subsequent lines on the LCD. 


Figure 16 shows the relationship 
between row data 
and display. Here the mode is 65-row output from the 
right side. Display data on YOis displayed on the first 
line of the LCD and data on Y64 is displayed on the 
65th line of the LCD. IfXI64 
is connected to the first 
line of the LCD and Xl 00 is connected to the 65th line 
of the LCD, Is must be written to the bits on the 
diagonal line between coordinates 
(XI64, 
YO) and 
(Xloo, Y64) and Osto the remaining bits. Row data 
protect function must be turned off before writing row 
data and be turned on after writing row data. Turning 
on the row data protect function disables read/write of 
display memory area corresponding 
to the row output 


pins, i.e., prevents row data from being destroyed. 
In 
figure 16, display memory area corresponding 
to pins 
XlOO to XI64 is protected. 


Figures 17 to 19 show examples of row data settings. 
Some multiplexing duty ratios result in invalid display 
areas. 
Although an invalid display area can be read 
from or written to, it will not be displayed. 


Table 2 Relationship between FCR Settings and Protected Areas 


Control Register (FCR) 


ROS 


PON 4 
3 


1 
0 
0 


1 
0 
1 


1 
1 
0 


1 
1 
1 


55-row (R) 
55-row (UR) 
33-row (R) 


LCD Driving Signal Output Pins Connected to 


Mode 
Protected Area of Display Memory 
Figures 


165-column 
No area protected 
15 


55-row (R) 
X100-X164 
16,19 


55-row (UR) 
XO-X31and X132-X164 
17 


33-row (R) 
X132-X164 
18 


: 65-row-output mode from the right side 
: 65-row-output mode from the left and right sides 
: 33-row-output mode from the right side 


,,, 


X address : 
I 


8 bits/1 word i, 


6 bitsl1 word i 


Control register ROS 
bit = 00 
DUTY bit = 101 
LCD driving voltages: 
VMH1 = V3. VML 1 = V4, 
VMH2 = V3. VML2 = V4, 
VMH3 = V3, VML3 = V4 


,-----------, 
, IL ( D 
r--", 
- 
I Row driver : 
~ 
L 
J---,,' 
• 


Column driver 


Block A (32 bits): 
Block B (68 bits) 
: 
Block C (32 bits) 
Block 0 (33 bits) 
I 
! 
: 
: 
4 bits + 3 bytes + 
4 bits + 3 bytes + 
, 
I 
4 bytes 
' 
8 bytes + 4 bits 
: 
4 bits 
, 
5 bits 
o I , 
1 
2 
1 
3 i 
4 1 
I " I ':2 1 13 I 14 1 15 I 1e 1 17 I 18 1 19 I 20 
5 words + 2 bits 
: 
4 bits + 10 words + 4 bits 
: 
2 bits + 5 words 
: 
5 words + 3 bits i 


o I , I 2 1 3 1 4 I '5 1 e 1 
I 15 I 16 1 17118 119 I 20 1 211 22 I 23 I 24 1 251 261'271 


1 
Validr- 


Invalid 
display area 


Figure 15 Relationship between Row Data and Display 
(16S-Column Output, 1/64 Multiplexing Duty Ratio) 
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Control registerROS 
bit •• 01 
DUTY 
bit •• 110 
LCD driving voltages: 


VMH1 = V3, VML 1 = V4. 
VMH2 = V2, VML2 •• V5. 
VMH3 •• V2, VML3 •• V5 


: 
Block A (32 bits) 
I 
I 
I 


: 
4b~es 
I 
0 I 
1 
2 I 
3 


, 
5 words + 2 bits 
i 0 I 1 I 2 I 3 I 4 


: 
Block B (68 bits) 
: 
Block C (32 bits) 
: 
Block D (33 bits) 
: 


! 
!-- 
Row data proteted 
blocks 
---1 
: 
: 
4 bits + 3 bytes+ 
: 
4 bits + 3 bytes + 
: 


~4 
__ 
8-_bYl_-_e.!l_-_+-_1_bltsl '4 
bits 
' 
5 bits 
: 
I-.:!.....I- 
. 
11 
1? I 13 I 
14 I 
15 I 
1:6 1 
17 I 16 I 
19 I ~ 


: 
4 bits + 10 words + 4 bits 
: 
2 bits + 5 words 
: 
5 words + 3 bits 
: 


1'51 
6 I 
:::::::: 
115 IH; I 17118 
119 I 20 I 21122 
123 I 24 I 251 
261'271 


I Xl 
I 
X3 I 
X95 I X97 I X99 I Xl01 I 
I Xl611 
Xl631 


0 
1 
1 
0 
0 
-------------------- 
1 
1 
1 
o 
0 
0 
0 
0 --- 


0 
0 
0 
0 
1 


1 
0 
0 
1 
0 
-------------------- 
1 
0 
0 
1 
0 
0 
0 
0 --- 
0 
0 
0 
1 
0 


1 
1 
1 
1 
0 
-------------------- 
1 
1 
1 
0 
0 
0 
0 
0 --- 
o 10 
1 
0 


1 
10 
0 
1 
0 
-------------------- 
1 
0 
0 
0 
0 
10 
0 --- 
1 
0 
0 


1 
10 
0 
1 
0 
-------------------- 
1 
10 
n 
n 
In 
n --- 
1 In 
n 
n 


I 
I 
I 
, 
I 
, 
I 
, , 
I 
I 
I 
, , 
I 
, , , , 
, 
I 
, , 
I 
Display 
data 
, 
I 
I 
, 
I 
I 
I 
, , Row data: 
, 
I 
I 
I 
, , 
I 
, 
I 
I , 
I 
I 
I 
, , 
I 
I 
, 
I 
I 
, 
I 
I 
, 
I 
I 
I 
I 
I 
I , 
I 
, , , 
I 
, 
I 
I 
, 
I 
, , 
I 
, 
I 
I 
I 
, , 
, , , , 
I 
, 
I 
I , 
I 
, , 
I , 
I 
I 
I 
, , --- 
I 
I 
, , 
I 
0 
01 
1 1010 1-------------------- 
10 10 
o 101110 
0111 
10 
o 10 10 10 
1 I 0111 
0 I -------------------- 
10 10 
o 11111 
0 
1 101 --- 
10 
o 10 10 10 
0 
01 
0 1011 
1-------------------- 
10 10 
1 10 1011 
0101 --- 
10 
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Display 
memory 


Y62 


Y63 


Y64 ,------------------_/, 


Figure 16 Relationship between Row Data and Display 
(65·Row Output from the Right Side, 1/66 Multiplexing Duty Ratio) 
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Control register ROS 
bit •• 10 
DUTY 
bit •• 110 
LCD driving voltages: 
VMH1 - V2, VML 1 •• V5, 
VMH2 - V3, VMl2 
- V4, 


VMH3 - V2, VML3 - V5 


: 
Block A (32 bits) 
Block B (68 bits) 
: 
Block C (32 bits) 
Block 0 (33 bits) 
: 


X address! 
Row data 
!!-- 
Row data 
--! 
: 
protected blocks 
: 
4 bits + 3 bytes + 
: 
protected blocks 
: 


, 
4 bytes 
I 
8b~+4bits 
I 
4blts 
'4blts+3bytes+sbits 
' 
8 bitsl1 
word I 0 
I 
1 I 
2 
I 3 I:II:::_::::: 
1 11 I 1~ I 13 I 14 I 15 I 1~ I 17 I 18 I 19 I ~ 
, 
5 words + 2 bits 
I 
4bits+l0words+4blts 
: 
2 bits + Swords 
I 
Swords +3 bits 
I 


6 bitsl1 
word i 0 I 1 I 2 I 3 I 4 I ~ I 8 I :::::::: 
115 
Ill; 
117 
118 
119 I 20 I 21 i22 
123 
124 
125 
128 I~ I 


VO 
---------------- 
VI 
- - -DiSPlaydata---- I 
I , 
I 
I 
, 
I 
I 
I 
I 
I 
I 


---------------- 
I 
I 
V2 
0 
0 
1 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 


Y3 
0 
0 
0 
1 
1 
0 
0 
1 
0 
---------------- 
1 
0 
0 
0 
0 
0 
0 


V4 
0 
0 
0 
0 
0 
0 
1 
0 
0 
---------------- 
0 
0 
0 
0 
1 
0 
0 
V82 
0 
0 
---------------- 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
0 
0 
---------------- 


---------------- 
---------------- 


Area protected 
with PON •• 1 
Area protected 
with PON = 1 


Figure 17 Relationship between Row Data and Display 
(6S-Row Output from the Left and Right Sides, 1/66 Multiplexing Duty Ratio) 
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Control register RDS bit = 11 
DUTY bit = 001 
LCD driving voltages: 


VMH 1 =V3, 
VML 1 =V4, 
VMH 2 = V3, 
VML2 = V4, 
VMH 3 = V2, 
VML 3 = V5 


Il(:D.1 


I 
I 


X address! 
I 
I 
I 


8 bits/1 wordI 
I 
I 


6 bits/1wordI 


Block A (32 bits) 
Block B (68 bits) 
: Block C (32 bits) : 
Block 0 (33 bits) : 


!. 
!-Row data -! 
4 bytes 
8 bytes + 4 bits 
' 4 b!ts + 3 bytes + 
I 
protected block I 


: 4 bIts 
.( bits + 3 bytes + 5bils 


o 
1 
1 
1 
2 
1 
3 ~======== 
1 11 
1 1~ 
1 
13 1 14 
1S I 1:6 1 17 
1 18 I 19 
1 2? I 
5 words + 2 bits 
: 4 bits + 10 words + 4 bits: 
2 bits + 5 words 
: 5 words + 3 bits: 


0111213141'sI61 
m 
11sI1~11711811912012d2212312412sI261~71 


T 
Valid 
display area 
1:r~ 


I 
I 
I 
I 
I 
, 
I 
I 
I 
I 
, 
I 
I 
I 
I 


Y29 
0 
0 
1 
0 
0 


Y31 
0 
1 
o 
1 
0 


Y32 
1 
0 
o 
0 
1 


Y33 
0 
0 
0 
0 


Y34 


Y63 


Y64 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 


00001001 


00011010 


00100100 


00000000 


o 
0 
0 


o 
0 
0 
o 0 
0 
o 0 
0 


--------------------.,/,-------_/ 
Accessible area 
Area protected with 
PON = 1 


Figure 18 Relationship between Row Data and Display 
(33·Row Output from the Right Side, 1/34 Multiplexing Duty Ratio) 
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Control register 
ROS bit = 01 


L~CO~ 
DUTY bit = 011 
LCD driving voltages: 
dO]" 
VMH 1 = V3, 
VML 1 = V4, 
65-ro 
VMH 2=V2. 
VML2=V5. 
HC66108T 
48-row 
VMH 3=V2, 
VML3=V5 
driver 
driver used 


xo... 
...)<31 X32... 
...)(99 Xl00 ... 
...XI3.1 XI32 ... 
...XI64 
• 
H 
t+ 


Row dm.e,j Row drive< : 
I Column driver 
Column driver • 
I 
Block A (32 bits) : 
Block B (68 bits) 
: Block C (32 bits) : Block 0 (33 bits) : 
I 
I 
, 
!-- Row data prdtected blocks --! 
i 
, 
X address 


I 
, 
I 
4 bytes 
I 
8 bytes + 4 bits 
: 4bits+3bytes+ 
:4bits+ 
3 bytes + : 
, 
I 
I 
, 
'4bits 
15 bits 
I 


8 bits/1 word I 
0 I 
1 
1 
2 
1 
3 I=u=mmu 
I 
11 I 1:2 1 13 I 14 I 15 1 
i6 
1 17 I 
16 1 19 
1 ~ I 
-------- 
, 5 words + 2 bits 
: 4 bits + 10 words + 4 bits: 
2 bits + 5 words: 
5 words + 3 bits : 
, 
I 01 
1 I 2 1 3 I 41 
I 
51 
6 1 --..----- 
11511~1171181191201211221231241251261271 
6 bits/1 word 
-------- 


~ 
-------------------m = 
------------------- 
- 
------------------- 
- 
I 
, 
, 
I 
I 
I 
I 
I 
I 
I 
I , , , 
: 100 x 48-dot LCD 
, , 
I 
I 
I 


I 
I 
I 
I 
, , 
I 
I 
I 
-:'-'.' 
'-'-------------------' 
,'I 
-..- ------------------- 
,.. 
• 
• 
------------------- 
!- 


tXl~ 
xl t 1 r 1 
Ixl 
1x98 
x~ 
X119 
XI62 
XI64 
I '\1 I X3 I 
X951 
X971 
X991 
X1161X1181 
IXI831 


YO 
01100 
11100 
o 
0 o 
0 
0 
_____ 
~~ 
1T 


----_ ....----_ ..------ 
Y1 
10010 
10010 
o 
0 o 
0 
0 
_____ 
~r.!. 
0 
----- -_ ..------- ---- 


Y2 
1 
1 
1 
1 
0 
1 
1 
1 
0 
0 
o 
0 o 
0 
0 
..!.~ 
0 


: 
: 
: 
:: 
Display data 
::::: 
' 
, 
Rowdata 
" 
, 
Valid 
, 
, 
'Valid row data 
' 
display area 
I , , 
I 
I 
, , 
I , 
I 
, 
, 
-----_ ....----------- 
--- 
----- -I- 


:+ 


Y45 
0 
010 
0 
0 
0 
o 
0 
1 
0 
0 
o 0 
1 
~~ 
----_ .......----------- 
--- 
Y46 
0 
1 
0 
1 
0 ----_ .•....----------- 
o 0 
0 
1 
1 
C 
0 
o 
1 
o _____ ~~ 
--- 
Y47 
1 o 
0 
0 
1 
0 
0 
1 
0 
o 0 
0 
1 
0 
0 
o 
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Y48 
..------------------ 
--- 
-I- 


Y49 
------------------- 
-I- 
--- 
----- 
, , , , 
I 
I 
I , , , 
I 
I 
, , 
I 
I , 
, , 
I 
Invalid 
I , , 
I 
I 
I , , 
I , 
I 
I 
, 
I 
I 
'I 
I 
I 
I 
display area 
I , , , 
I 
I 
I 
I , 
I 
I 
I 
, 
, i: (~~~m 
Y83 
1 I I I 
-------------------1 
1 I 1 1·1 1---I 


~ 
Y64 
1 I 1 I 
-------------------1 
I I 1 1 1 I ---I 


\ 
/\ 
/ 


Accessible 
area 
Area protected 
with PON = 1 


Note: 
Pins X1 00-X116 
are left disconnected 
here. 


Figure 19 Relationship between Row Data and Display 
(65-Row Output from the Right Side, 1/48 Multiplexing Duty Ratio) 
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4.3 LCD Driving Voltage Setting 
There are 6 levels of LCD driving voltages ranging 
from VI to V6; VI is the highest and V6 is the lowest. 
As shown in figure 20, column output waveform is 
made up of a combination 
of VI, V3, V4, and V6 
while row output waveform is made up of VI, V2, V5, 
and V6. This means that VI and V6 are common to 
both wavefo!IDs while mid-voltages 
are different. 


To accommodate 
this situation, 
each block of the 
HD66108T 
is provided with power supply pins for 


mid-voltages as shown in figure 21. Each pair of VIR 
and VIL and V6R and V6L are internally connected 
and must be applied the same level of voltage. Block 
B is fixed for column output and must be applied V3 
and V4 as mid-voltages. 
The other blocks must be 
applied different levels of voltages according to the 
function of their LCD driving output pins; if the LCD 
driving output pins are set for row output, VMHn and 
VMLn must be applied 
V2 and V5, respectively, 
while they must be applied V3 and V4, respectively, 
if the pins are set for column output (n = I to 3). 


Table 3 Relationship between FCR settings and LCD Driving Voltages 


Control Register (FCR) 
LCDDriving Voltage ~ins 
--------------------------- 
ROS4ROS3 Mode 
VIRNIL 
V3 V4 
VMH1 VML1 
o 
0 
165-column 
V1 
V3 
V4 
V3 
V4 
o 
1 
55-row (R) 
V1 
V3 
V4 
V3 
V4 


1 
0 
55-row (UR) 
V1 
V3 
V4 
V2 
V5 


1 
1 
33-row (R) 
V1 
V3 
V4 
V3 
V4 


55-row (R) 
: 65-row-output mode from the right side 
65-row (UR) 
: 65-row-output mode from the left and right sides 
33-row (R) 
: 33-row-output mode from the right side 
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V2 
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Figure 20 LCD Driving Voltage Waveforms 
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S. 
Multiplexing 
Duty 
Ratio 
and 
LCD 
Driving 
Waveform 
Settings 
A multiplexing duty ratio and LCD driving waveform 
can be selected via internal registers. 


A multiplexing duty ratio of 1/32, 1/34, 1/36, 1/48, 1/ 
50, 1/64, or 1/66 can be selected according to the LCD 
panel used. 
However, since there are only 65 row- 
output pins, only 65 lines will be displayed even if 1/ 
66 multiplexing 
duty ratio is selected. 


There are three types of LCD driving waveforms, as 
shown 
in figure 
22: 
A-type 
waveform, 
B-type 


waveform, and C-type waveform. 


TheA-type waveform iscalled per-half-line inversion. 
Here, the waveforms of M signal and CL 1 signal are 
the same and alternate every LCD line. 


The B-type waveform is called per-frame inversion; 
in this case, the M signal inverts its polarity every 


frame so as to alternate every two LCD frames. 
This 
is the most common type. 


The C-type waveform is called peron-line inversion 
and inverts its polarity every n lines (n can be set as 
needed within 1 to 31 via the internal registers). 
The 
C-type waveform combines the advantages of the A- 
and B-types of waveforms. 
However, some lines will 
not be alternated depending on the multiplexing duty 
ratio and n. To avoid this, another C-type waveform 
is available which is generated from the EOR of the C- 
type waveform M signal mentioned above and the B- 
type waveform 
M signal. 
Since the relationship 
between n and display quality usually depends on the 
LCD panel, n must be determined by observing actual 
display results. 


The B-type waveform 
should be used if the LCD 
panel 
specifies 
no particular 
type of waveform. 


However, in some cases, the C-type waveform may 
create a better display. 


A-type waveform 
(Per-half-line 
inversion) 


_ ~ 
I_ 1 line 


M 


B-type waveform 
=J 
(Per-frame 
inversion) 
Xn 
1<----__ 


M I 
1 frame 
I 
---------------- 
....•: 
-nn~ 
, 
I 


II 
II 
Wn~- 
LJ--l~_ 


C-type waveform =lJ 
(per-n-Iine 
- 
inversion) 
Xn _ 


EOR function on 
(n=5) 
M I~_ 


An input clock with a 200-kHz to 4-MHz frequency 
can be used for the HD661 08T. Note that raising clock 
frequency increases current consumption 
although it 
reduces busy time and enables high-speed operations. 
An optimum system clock frequency should thus be 
selected within 200 kHz to 4 MHz. 


The clock frequency driving the LCD panel (= frame 
frequency) 
is usually 70 Hz to 90 Hz. Accordingly, 
the HD66108T 
is so designed 
that the frequency- 
division ratio of the input clock can be selected. The 
HD66108T 
generates 
around 
80-Hz 
LCD 
frame 
frequency 
if the frequency-division 
ratio is 1. The 
frequency-division 
ratio can be obtained 
from the 
following equation. 


Ni= 
~ 
x 
500 
x 
Dl 
fOJ( 
80 


Ni 
: Frequency-division 
ratio 
fF 
: Frame frequency required for the LCD 
panel (Hz) 
fOJ( 
: Input clock frequency (kHz) 
Dl 
: Duty correction value 1 
Dl = 1when multiplexing duty ratio is 1/32, 
1/48 or 1/64 
Dl = 32/34 when multiplexing duty ratio is 
1/34 
Dl = 32/36 when multiplexing duty ratio is 
1/36 
Dl = 48/50 when multiplexing duty ratio is 
1/50 
D 1 = 64/66 when multiplexing duty ratio is 
1/66 


The frequency-division ratio nearest the value obtained 
from the above equation must be selected; selectable 
frequency-division 
ratios by internal registers are 2, 
1, 1/2, 1/3, 1/4, 1/6, and 1/8. 


The HD661 08Thas a display off function which turns 
off display by rewriting the contents of the internal 
register. This prevents random display at power-on 
until display memory is initialized. 


The HD66108T 
has a standby function provinding 
low-power 
dissipation. 
Writing a 1 to bit 6 of the 
address register starts up the standby function. 


The LCD driving voltages, ranking from VI to V6, 
must be set to Vccto prevent DC voltage from beging 
applied to an LCD panel during standby state. 


(1) 
Stops oscillation and external clock input 
(2) 
Resets all registers to O's except the STBY bit 


Here, note that the display memory will not preserve 
data if the standby function is turned on; the display 
memory as well as registers must be set again after the 
standby function is terminated. 


Table 4 shows the standby status of pins and table 5 
shows the status of registers after standby function 
termination. 


Writing a 0 to bit 6 of the address register terminates 
the standby function. Writing values into the DISP 
and Register No. bits at this time is ignored; these bits 
need to be set after the standby function has been 
completely terminated. 


Figure 23 shows the flow for start-up and termination 
of the standby function and related operations. 


Table 4 Standby Status of Pins 


Pin 
Status 


OSC2 
High 


CO 
Low 


CL1 
Low (master chip) or high-impedance 
(slave chip) 


FLM 
Low (master chip) or high-impedance 
(slave chip) 


M 
Low (master chip) or high-impedance 
(slave chip) 


Xn (column output pins) 
V4 


Xn' (row output pins) 
V5 


Table 5 Register Status after Standby Function Termination 


Register Name 
Status after Standby Function Termination 


Address register 
Reset to O'sexcept for the STBY bit 


X address register 
Reset to O's 


Y address register 
Reset to O's 


Control register 
Reset to O's 


Mode register 
Reset to O's 


C select register 
Reset to O's 


Display memory 
Data not preserved 


Start-up 
Set the LCD driving voltages to Vcc level 
I 


'" 
Set the STBY bit to 1 
(turn on the standby function) 
l 


'" 
Wait until extemal clock pulses stabilize 
·1 


'" 
Termination 
Set the STBY bit to 0 
(turn off the standby function) 


'" 
( 
Supply the LCD driving voltages 
) 


'" 
( 
Set registers again 
) 


'" 
( 
Wait for a time period of tCLIor longer 
) ·2 
• 
( 
Set the display memory again 
) 


'" 
( 
Set the DISP bit to 1 (turn on LCD) 
) 


Notes: 
1. 
Not necessary 
in the case of using internal oscillation 
2. 
Refer to equation 
1 (section 3.1). 


Figure 23 Start-Up and Termination of Standby Function and Related Operations 
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9. 
Multi-Chip 
Operation 


Using 
multiple 
HD66108T 
chips 
(= multi-chip 
operation) 
provides 
the means 
for extending 
the 
number of disply dots. Note the following items when 
using the multi-chip operation. 


(l) 
The master chip and the slave chips must be 
determined; the MIS pin of the master chip must 
be set low and the MIS pin of the slave chips 
must be set high. 
(2) 
All the HD66108T chips will be slave chips if 
HD61203 
or its equivalent 
is used as a row 
driver. 
(3) 
The master chip supplies the FLM, CLl, and M 
signals to the slave chips via the corresponding 
pins, which synchronizes 
the slave chips with 
the master chip. 
(4) 
Since a master chip outputs 
synchronization 
signals, all data registers must be set. 


(5) 
The following bits for slave chips must always 
be set: 
INC, WLS, PON, and ROS (control register) 
FFS (mode register) 
It is not necessary to set the control register's 
DUTY bits, the mode register's 
DWS bits, or 
the C select register. Forotherregisters' 
settings, 
refer to table 6. 
(6) 
All chips must be setto LCD off in order to turn 
off the display. 
(7) 
The standby function of slave chips must be 
started up first while that of the master chip 
must be terminated first. 


Figure 
24 to 26 show 
the connections 
of the 
synchronization 
signals 
for 
different 
system 
configurations and table 6 lists the differences between 
master mode and slave mode. 


Row 
output 


LCD 
- 


Column 
Column 
output 
output 


..... 


I-- 


HD66108T 
HD66108T 
Slave mode 
Master mode 


M 
M 


bsCl FlM Cll 
OSCI 
FlM Cll 
t t 
I 
I 


• 


ow 
output 


LCD 
- 


Column 
Column 
output 
output 


t- 
I-- 


HD66108T 
HD66108T 
Master mode 
Slave mode 


M 
M 


C1 FlM 
Cl1 
OSC1 
FLM 
Cll 
I 
f I 
I 


Clock 


Note: 
Clock pulses for the slave chip can be supplied from the master chip CO pin. 


Row output 
LCD 


Column output 


HD61203 
HD66108T 
Row driver 
Slave mode 


M 
M 


CR 
FRM 
CL2 
OSCl 
FLM 
Cll 
I 
f I 
I 


Note: 
1. 
The slave chip can oscillate CR clock pulses. In this case, the clock pulses must be 
supplied to the HD61203 from the HD66108T's 
CO pin. 
2. 
The HD61203's 
control pins must be set in accordance 
with the type of RAMs. 


Item 
Pin: Ml5 


05C1,05C2 
CO 


FLM, CL1, M 


Register: 
AR 
XAR 


YAR 


FCR 


MDR 


C5R 


Master Mode 


Must be set low 


Oscillation 
is possible 


=05C1 


Output signals 


Valid 


Valid 


Valid 


Valid 


Valid 


Valid (only if the DW5 bits are 


set for the C-tye waveform) 


Slave 
Mode 


Must be set high 


Oscillation 
is possible 


=0051 


Input signals 


Valid 


Valid 


Valid 


Valid except for the DUTY bits 


Valid except for the DW5 bits 


Invalid 


Notes 
Valid 
Needs to be set 
- 
Invaid: Need not be set 


All HD66108T's 
registers 
can be read from and 
written into. However, the BUSY FLAG imd invalid 
bits cannot be written to and reading invalid bits or 
registers returns O's. 


BUSY FLAG bit, STBY bit, and DISP bit. Register 
No. bits select one of the data registers according to 
the register number written. 
The BUSY FLAG bit 
indicates the internal operation 
state if read. 
The 
STBY bit activates the standby function. 
The DISP 
bit turns the display on or off. This register is selected 
when RS pin is O. 


(1) 
STaY 
- 1: Standby function on 
- 0: Normal (standby function off) 


(2) DISP 
-1: 
LCD on 
- 0: LCD off 


Bit 
No. 
2 
1 
0 
o 
000 
1 
0 
0 
1 
2 
0 
1 
0 
3 
0 
1 
1 
4 
1 
0 
0 
5 
1 0 
1 


Register 


Display memory 
X address 
register 
Y address 
reQister 
Control register 
Mode register 
C select register 


(4) 
BUSY FLAG (Can be read only) 
- 1: Busy state 
- 0: Ready state 


2. 
Display Memory (DRAM) (Accessed with RS 
= 1, register number = (000)2) 


Although display memory (figure 28) is not a register, 
it can be handled as one. 
8- or 6-bit data can be 
selected by the control register WLS bit according to 
the character font in use. If 6-bit data is selected, 07 
and D6 bits are invalid. 


3. 
X Address Register (XAR) (Accessedwith RS 
= 1, register number = (001)2) 


This register (figure 29) contains 3 invalid bits (07 to 
05) and 5 valid bits (D4 to DO). It sets X addresses and 
confirms X addresses after writing or reading to or 
from the display memory. 


4. Y Address Register (YAR) (Accessed with RS = 
1, register number = (010)1) 


This register (figure 30) contains I invalid bit (07) and 
7 valid bits (D6 to DO). 
It sets Y addresses 
and 
confirms Y addresses after writing or reading to or 
from the display memory. 


8-Bit Data 


* 
* 
6-Bit Data 


07 
06 
05 
04 
03 
02 
01 
DO 
_I 
XAD 
I 


XAO: 
0 to 20 ($00 to $14) when display data is 8 bits long and 0 to 27 ($00 to $1B) when display data 
is 6 bits long. A maximum of $1F is programmable. 


07 
OS 
05 
04 
03 
02 
01 
DO 
G 
VAD 


5. 
Control Register (FCR) (Accessed with RS = 
1, register number = (011)2) 


This register (figure 31), containing eight bits, has a 
variety of functions such as specifying the method for 
accessing RAM, determining 
RAM valid area. and 
selecting 
the function 
of the LCD driving 
signal 
output pins. It must be initialized as soon as possible 


afterpower-on since it determines the overall operation 
of the HD661 08T. The PON bit may have to be re-set 
afterwards. 
If the DUTY bits are rewritten 
after 
initialization 
at power-on 
(if values other than the 
initial values are desired), the display memory will 
not preserve data; the display memory must be set 
again after a time period 
of tOol or longer. 
For 
determining tOol'refer to equation 1 (section 3.1). 


07 
06 
05 
04 
03 
02 
01 
DO 
------------- 


EEEJ'-_R_O_S_~ 
O_U_TY 
_ 


(1) 
INC (Address increment direction select) 
- 1: X address 
is incremented 


- 0: Y address 
is incremented 


(2) 
WLS (Word length (of display data) select) 
- 1: 6-bit word 
- 0: 8-bit word 


(3) 
PON (Row data protect on) 
- 1: Protect function on 
- 0: Pretect function off 


Bit 


No. 
43 
o 
00 
1 
01 
2 
10 
3 
1 1 


Contents 


165 column outputs 
65 row outputs from the right side 
65 row outputs from the left and right sides 
33 row outputs from the right side 


(5) 
DUTY (Multiplexing duty ratio) 


Bit 
Multiplexing 


No. 
2 
1 0 
Duty Ratio 


0 
0 
0 
0 
1/32 
1 
0 
0 
1 
1/34 
2 
0 
1 
0 
1/36 
3 
0 
1 
1 
1/48 
4 
1 
0 
0 
1/50 
5 
1 
0 
1 
1/64 
6 
1 
1 
0 
1/66 
7 
1 
1 
1 
Testing mode 


HD66108 


6. 
Mode Register 
(MDR) (Accessed with RS = 1, 
register 
number 
= (100)2) 


This register (figure 32), containing 3 invalid bits (07 
to 05) and 5 valid bits (04 to DO), selects a system 
clock and type of LCD driving waveform. 
It must 
also be initialized after power-on since it determines 
overall HD661 08T operation like the FCR register. If 


the FFS bits are rewritten after initialization at power- 
on (if values other than the initial values are desired), 
the display memory will not preserve data; the display 
memory must be set again after a time period of to-lor 
longer. 
For determining 
to-\' refer to equation 
I 
(section 3.1). 


FFS (Frame frequency 
select) 


Bit 
Frequency- 
- 
No. 
4 
3 
2 
Division 
Ratio 


0 
0 
0 
0 
1 
1 
0 
0 
1 
1/2 
2 
0 
1 
0 
1/3 
3 
0 
1 
1 
1/4 
4 
1 
0 
0 
1/6 
5 
1 
0 
1 
1/8 
6 
1 
1 
0 
2 
7 
1 
1 
1 


DWS (LCD driving waveform 
select) 


Bit 


No. 
1 0 
Driving 
Waveform 


0 
0 
0 
A-type waveform 
1 
0 
1 
B-type waveform 
2 
1 
0 
C-type waveform 
3 
1 
1 


7. 
C Select Register (CSR) (Accessed with RS = 
1, register number = (101)1) 
and 06) and 5 valid bits (05 to DO). It controls C-type 
wavefonns and isactivated only when MDR register's 
DWS bits are set for this type of waveform. 


07 
06 
05 
04 
03 
02 
01 
00 
~ B 
CLN 


(1) 
EOR (B-type waveform M signal ® no. of counting lines on/off) 
- 1: EOR function on 
- 0: EOR function off 


(2) 
CLN (No. of counting lines in e-type waveform) 
1 to 31 should be set in these bits; 0 must not be set. 


The RESET pin starts the HD66108T 
after power- 
on. A RESET signal must be input via this pin for 
at least 
20 J.l.sto prevent 
system 
failure 
due to 
excessive current created after power-on. Figure 34 
shows the reset definition. 


(1) 
Reset 
Status 
of Pins 
Table 7 shows the reset status of output pins. 
The pins return to normal operation after reset. 


(2) 
Reset 
Status 
of Registers 
The RESET signal has no effect on registers 


or register bits except for the address register's 
STBY bit and the X and Y address registers, 
which are reset to O's by the signal. Table 8 
shows the reset status of registers. 


(3) 
Status 
after 
Reset 
The display 
memory 
does not preserve 
data 
which has been written to it before reset; it 
must be set again after reset. 


Pin 


OSC2 
CO 


CL1 


FLM 


M 


Xn(column output pins) 


Xn' (Row output pins) 


Status 


Outputs clock pulses or oscillates 


Outputs clock pulses 


Low (master chip) or high-impedance (slave chip) 


Low (master chip) or high-impedance (slave chip) 


Low (master chip) or high-impedance (slave chip) 


V4 


V5 


Table 
8 
Reset 
Status 
of Registers 


Register 
Status 


Address register 
Pre-reset status with the STBY bit reset to 0 


X address register 
Reset to O's 


Y address register 
Reset to O's 


Control register 
Pre-reset status 


Mode register 
Pre-reset status 


C select register 
Pre-reset status 


Display memory 
Preserves no pre-reset data 


During reset 
(Reset status) 


Figure 34 Reset Definition 


Precautionary Notes When Using the HD66108T 


(l) 
Install a 0:l-~F bypass capacitor as close to 
the LSI as possible to reduce power supply 
impedance (Vcc-GND and Vcc-VEE)' 
(2) 
Do not leave input pins open since the 
HD66108T is a CMOS LSI; refer to "Pin 
Functions" on how to deal with each pin. 


(3) 
When using the internal oscillation clock, 
attach an oscillation resistor as close to the 
LSIaspossibletoreducecouplingcapacitance. 
(4) 
Make sure to input the reset signal at power- 
on so that internal units operate as specified. 
(5) 
Maintain the LCD driving power at Vccduring 
standby state so that DC is not applied to an 
LCD, in which Xn pins are fixed at V4 or V5 
level. 


address is not incremented until O.5-clock 
time has passed. If an X or Y address is read 
during this time period, non-updated data will 
be read. (The addresses are incremented even 
inthiscase.)In addition, theaddress increment 
direction should not be changed during this 
time since it will cause malfunctions. 


(2) 
Although the maximum output rows is 33 
when 33-row-output mode from the right side 
is specified, any multiplexing duty ratio can 
be specified. Therefore, row output data 
sufficient to fill the specified duty must be 
input in the Y direction. Figure 35 shows how 
to set rowdata in thecase of 1/34multiplexing 
duty ratio. In this case, Osmust be set in Y33 
since data for the 34th row (Y33) are not 
output. 
(3) 
Do not set the C select register's CLN bits 
to 0 for the M signal of C-type waveform. 


X132 
X164 
X131 
X133 
X163 
YO 
0 
0 
0 
1 
---------- 
Y1 
0 
0 
1 0 
Y2 
---------- 
0 
0 
0 
0 
Y3 
---------- 
0 
0 
0 
0 
---------- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ---------- I 
I 
Y30 
0 
0 
0 
0 
Y31 
0 
1 ---------- 
0 
0 
Y32 
1 0 ---------- 
0 
0 
Y33 
0 
0 ---------- 
0 
0_ 
All 
O's 
---------- 


---.----/ ,-----------'/ 
I 
I 
Display data area 
Row data area 


Figure 3S How to Set Row Data for 33·Row Output from the Right Side 
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Item 


Power 
Supply 
Voltage 
(1) 


Power 
Supply 
Voltage 
(2) 


Input 
Voltage 


Operating 
Temperature 


Storage 
Temperature 


Symbol 


Vcc1 to Vcc3 


Vcc - VEE 


VI. 
T.p 


T.to 


Ratings 
Unit 


~.3 
to +7.0 
V 


~.3 
to +16.5 
V 


~.3 
to VCC 
+ 0.3 
V 
-20 to + 75 
·C 


-20 to +85 
·C 


Notes: 
1. 
Permanent 
LSI damage 
may occur 
if the maximum 
ratings 
are exceeded. 
Normal 
operation 
should 
be under 
recommended 
operating 
conditions 
(Vcc •• 2.7 
to 6.0 V, GND = 0 V, Ta = -20 
to + 75°C). 
If these 
conditions 
are exceeded, 


LSI malfunctions 
could 
occur. 
2. 
Power supply 
voltages 
are referenced 
to GND = 0 V. Power supply 
voltage 
(2) 


indicates 
the difference 
between 
Vcc and VEE' 


Electrical Characteristics 
DC Characteristics 
(1) (Vcc = 5 V ±20%, 
GND = 0 V, Vcc - VEE = 6.0 to 15 V, Ta = -20 to+75°C, 
unless otherwise 
noted) 


Item 
SymbolMln 
Typ 
Max 
Unit 
Test 
Conditions 
Notes 


Input High 
OSC1 
V••1 
0.8 x Vcc 
- 
Vcc +0.3 
V 


Voltage 
MIS. CL 1. FLM. 
V~ 
0.7xVcc 
- 
Vcc + 0.3 
V 


M. TEST1. 
TEST2 


FlESET 
V••3 
0.85xVcc 
- 
Vcc +0.3 
V 


The other 
inputs 
V••4 
2.0 
Vcc +0.3 
V 
Vcc=5V±10% 
5 


Input Low 
OSC1 
V•.1 
-{).3 
0.2xVcc 
V 


Voltage 
MIS. CL 1. FLM. 
V•.2 
-{).3 
0.3xVcc 
V 
M. TESn. 
TEST2 


RESET 
V•.3 
-{).3 
0.15xVcc 
V 


The other 
inputs 
V•.4 
-{).3 
0.8 
V 
Vcc= 
5V±100/0 
6 


Output 
High 
CO. CL1. FLM. M 
V",,1 
0.9 x Vcc 
- 
V 
-1",,=0.1 
mA 
Voltage 
DB7-DBO 
V~ 
2.4 
V 
-1",,=0.2 
mA 
7 
Vcc = 5 V ±100/o 


Output 
Low 
CO. CL1. FLM. 
M 
. VOl.1 
0.1 xVcc 
V 
101.=0.1 mA 
Voltage 
DB7-DBO 
V0I.2 
0.4 
V 
101.=1.6 mA 
8 


Vcc = 5 V±100/0 


Input Leakage 
All except 
DB7-DBO. 
I••. 
-2.5 
2.5 
IIA 
V•• = 0 to Vcc 
Current 
CL1. FLM. M 


Tri-State 
DB7-DBO. 
CL1. FLM. 
J,. ••. 
-10 
10 
IIA 
V•• = 0 to Vcc 
Leakage 
Current 
M 


V Pins Leakage 
V1. V3. V4. V6. 
IV\. 
-10 
10 
IIA 
V•• " VE£ to Vcc 
Current 
VMHn. 
VMLn 


Current 
During 
display 
Icc1 
400 
IIA 
External 
clock 
Consumption 
foec •• 500 kHz 


Icc2 
1.0 
mA 
Internal 
oscillation 
Rf •• 91 kO 


During 
standby 
data 
lsa 
10 
IIA 
1.2 


ON Resistance 
Xo-X164 
RON 
10 
kO 
±ILD 
•• 50 IIA 
3 
between 
Vi and Xj 
Vcc-VEE 
•• 10V 


V Pins Voltage 
IN 
35 
% 
4 
Range 


Oscillating 
Frequency 
foec 
315 
450 
585 
kHz 
Rf •• 91 kO 


Notes: 
1. 
When 
voltage 
applied 
to input pins is fixed to Vcc or to GND and output 
pins have no load capacity. 
2. 
When 
the LSI is not exposed 
to light and Ta •• 0 to 40°C with the STBY bit •• 1. If using external 
clock pulses. 
input pins must be fixed high or low. 
Exposing 
the LSI to light increases 
current 
consumption. 
3. 
ILD indicates 
the current 
supplied 
to one measured 
pin. 
4. 
AV •• 0.35 x (Vcc - VEE). For levels V1. V2. and V3. the voltage 
employed 
should 
fall between 
the Vcc and the 
AV and for levels 
V4. V5. and V6. the voltage 
employed 
should 
fall between 
the VEEand the AV (figure 
36). 
5. 
V ••3 (min) •• 0.7 x Vcc when 
used under conditions 
other than Vcc = 5 v ±1 0%. 


6. 
V•.3 (max) •• 0.15 x Vcc when 
used under conditions 
other than Vcc = 5 V ±100/o. 
7. 
V~ 
(min) = 0.9 x Vcc (-IOH = 0.1 mAl when used under conditions 
other than Vcc •• 5 V ±10%. 
8. 
VOl.2 (max) •• 0.1 xV cc (101.= 0.1 mAl when 
used under 
conditions 
other than Vcc •• 5 V ±1 0%. 
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DC Characteristics 
(2) (Vcc = 2.7 to 4.0 V, GND = 0 V, Vcc - VEE = 6.0 to 15 V, Ta = -20 to +75°C, 
unless otherwise 
noted) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test 
Conditions 
Notes 


Input High 
RESET 
V ••1 
0.85 xVce 
- 
Vce + 0.3 
V 


Voltage 
The other inputs 
V ••2 
0.7 x Vce 
Vce + 0.3 
V 


Input Low 
MIS, OSC1, CU. FLM, 
VIl.1 
-0.3 
0.3 x Vce 
V 
Voltage 
TEST1, 
TEST2, 
M 


The other Inputs 
VIl.2 
-0.3 
0.15 x Vce 
V 


Output 
High 
VOL1 
0.9 xVce 
V 
-lOti" 
50 IIA 
Voltage 


Output 
Low 
VoL1 
0.1 x Vce 
V 
Ia." 50 IIA 
Voltage 


Input Leakage 
All except 
087-080. 
IIIL 
-2.5 
2.5 
IIA 
V~ •• OtoVce 
Current 
CL1, FLM, M 


Tri-State 
087-080, 
CL 1, FLM, 
ITSL 
-10 
10 
IIA 
V~-OtoVce 
Leakage 
Current 
M 


V Pins Leakage 
V1, V3, V4, V6, 
IYL 
-10 
10 
IIA 
V~ •• VEE to Vce 
Current 
VMHn, 
VMLn 


Current 
During 
display 
Ice1 
260 
IIA 
Extemal 
clock 


Consumption 
fooc •• 500 kHz 


Ice2 
700 
IIA 
Internal 
oscillation 
Rf _ 75 kn 


During 
standby 
state 
Is. 
10 
IIA 
1.2 


ON Resistance 
Xo-X164 
RON 
10 
kn 
±IID" 
50 IIA 
3 
between 
Vi and Xj 
Vce-V 
•• -10V 


V Pins Voltage 
AV 
35 
0/0 
4 
Range 


Oscillating 
Frequency 
fose 
315 
450 
585 
kHz 
Rf.75kn 


Notes: 
1. 
When voltage 
applied 
to input pins is fixed to Vce or to GNO and output 
plns have no load capaclty. 
Exposing 
the LSI to light increases 
current 
consumption. 
2. 
When 
the LSI is not exposed 
to light and Ta •• 0 to 40°C with the ST8Y 
bit •• 1. If using external 
clock pulses, 
input pins must be fixed high or low. 


3. 
lID indicates 
the current 
supplied 
to one measured 
pln. 
4. 
AV. 
0.35 x (Vce - VEE). 
For levels 
V1, V2, and V3, the voltage 
employed 
should 
fall between 
the Vce and 
the AV and for levels 
V4, V5, and V6, the voltage 
employed 
should 
fall between 
the V•• and the AV (figure 
36). 


Ve 


Figure 36 Driver Output Waveform and Voltage Levels 


1. 
CPU Bus Timing 
(figure 37) 


hem 
Symbol 
Mln 
Max 
Unh 


RD High-Level Pulse Width 
twRH 
190 
ns 


RD Low-Level Pulse Width 
tWRL 
190 
ns 


WR High-Level Pulse Width 
t_H 
190 
ns 


WR Low-Level Pulse Width 
t_L 
190 
ns 


WR-RD 
High-Level Pulse Width 
t_RH 
190 
ns 


CS, RS Setup Time 
tAS 
0 
ns 


CS, RS Hold Time 
tAH 
0 
ns 


Write Data Setup Time 
tosw 
100 
ns 


Write Data Hold Time 
tOHW 
0 
ns 


Read Data Output Delay Time 
tOOR 
150 
ns 
Note 


Read Data Hold Time 
tOHR 
20 
ns 
Note 


External Clock Cycle Time 
tCYC 
0.25 
5.0 
~ 


External Clock High-Level Pulse Width 
tWCH 
0.1 
~ 


External Clock Low-Level Pulse Width 
twCL 
0.1 
~ 


External Clock Rise and Fall time 
tr,tf 
20 
ns 


Note: Measured by test circuit 1 (figure 39). 


2. 
LCD Interface 
Timing 
(figure 38) 


hem 
Symbol 
Mln 
Max 
Notes 


MtS-O 
CL1 
High-Level Pulse Width 
1weH1 
35 
1,4,5 


CL1 
Low-Level Pulse Width 
twCL1 
35 
1,4,5 


FLM 
Delay Time 
tOFL1 
-2.0 
+2.0 
4,5 


FLM 
Hold Time 
tHFL1 
-2.0 
+2.0 
4,5 


M Output Delay Time 
tm.o1 
-2.0 
+2.0 
4,5 


MtS-1 
CL1 
High-Level Pulse Width 
twc~ 
35 
4,5 


CL1 
Low-Level Pulse Width 
twCL2 
11 x lcvc 
2,4,5 


FLM 
Delay Time 
tOFL2 
-2.0 
1.5 x lcvc 
3,4,5 


FLM 
Hold Time 
tHFL2 
-2.0 
+2.0 
4,5 


M Delay Time 
tOMI 
-2.0 
+2.0 
4,5 


Notes: 
1. 
When Rose is 91 kn (Vcc '" 4.0 to 6 V) or 75 kn (Vcc - 2.0 to 4.0 V) and bits FFS are set for 1. 
2. 
When bits FFS are set for 1 or 2. The value is 19 x lcvc In other cases. 
3. 
When bitgs FFS are set for 1 or 2. The value is 8.5 x lcvc in other cases. 


4. 
Measured by test circuit 2 (figure 39). 


5. 
Units are~. 


686 
HITACHI 


1. 
CPU Bus Timing 
(figure 
37) 


Item 
Symbol 
Mln 
Max 
Unit 


RD High-Level 
Pulse Width 
tWRH 
1.0 
J.lS 


RD Low-Level 
Pulse Width 
tWRL 
1.0 
J.lS 


WR High-Level 
Pulse Width 
tWWH 
1.0 
J.lS 


WR Low-Level 
Pulse Width 
IwwL 
1.0 
J.lS 


WR-RD 
High-Level 
Pulse Width 
tWWRH 
1.0 
J.lS 


CS, RS Setup Time 
tAS 
0.5 
J.lS 


CS, RS Hold Time 
tAH 
0.1 
J.lS 


Write Data Setup Time 
tosw 
1.0 
J.lS 


Write Data Hold Time 
tOHW 
0 
J.lS 


Read Data Output 
Delay Time 
tOOR 
0.5 
J.lS 
Note 


Read Data Hold Time 
tOHR 
20 
ns 
Note 


External Clock Cycle Time 
tCYC 
1.6 
5.0 
J.lS 


External 
Clock High-Level 
Pulse Width 
tWCH 
0.7 
J.lS 


External Clock Low-Level 
Pulse Width 
t~CL 
0.7 
J.lS 


External Clock Rise and Fall time 
tr,tf 
0.1 
J.lS 


Note: 
Measured 
by test circuit 2 (figure 39). 


2. 
LCD Interface 
Timing 
(figure 
38) 


Item 
Symbol 
Mln 
Max 
Notes 


MlS~O 
Cl1 
High-Level 
Pulse Width 
fwcH1 
35 
1,4,5 


Cl1 
Low-Level 
Pulse Width 
fwcL1 
35 
1,4,5 


FLM 
Delay Time 
tOFL1 
-2.0 
+2.0 
4,5 


FLM 
Hold Time 
tHFL1 
-2.0 
+2.0 
4,5 


M Output 
Delay Time 
f0M01 
-2.0 
+2.0 
4,5 


MIS •• 1 
Cl1 
High-Level 
Pulse Width 
fwcH2 
35 
4,5 


Cl1 
Low-Level 
Pulse Width 
IwCL2 
11 x fc.tc 
2,4,5 


FLM 
Delay Time 
tOFL2 
-2.0 
1.5 x 1c'IC 
3,4,5 


FLM 
Hold Time 
tHFL2 
-2.0 
+2.0 
4,5 


M Delay Time 
tOMI 
-2.0 
+2.0 
4,5 


Notes: 
1. 
When Rose is 91 kn (Vcc •• 4.0 to 6 V) or 75 kn (Vcc •• 2.7 to 4.0 V) and bits FFS are set for 1. 
2. 
When bits FFS are set for 1 or 2. The value is 19 x 1c'ICin other cases. 


3. 
When bits FFS are set for 1 or 2. The value is 8.5 x tC'ICin other cases. 
4. 
Measured 
by test circuit 2 (figure 39). 


5. 
Units are J.lS. 
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CS 
V1H 
RS 
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WI 
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Figure 38 LCD Interface Timing 
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F\ =2.4kn 
R.11kn 
C=130pF 


The following shows TCP sketches and TCP mounting on a printed circuit board. These drawings do not restrict 
TCPshape. 
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HD66204------- 
(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with SO-Channel Outputs) 


Description 


The HD66204F/HD66204FL/HD66204 
TF/HD 
66204TFL, the column driver for a large liquid 
crystal graphic display, features as many as 80 
LCD outputs powered by 80 internal LCD drive 
circuits. 
This device latches 4-bit parallel data 
sent from an LCD controller, and generates LCD 
drive signals. 
In standby mode provided by its 
internal standby function, only one drive circuit 
operates, 
lowering 
power dissipation. 
The 
HD66204 has a complete line-up: the HD66204F, 
a standard device powered by 5 V ± 10%; the 
HD66204FL. a 2.7-5.5 V, low power dissipation 
device 
suitable 
for battery-driven 
portable 
equipment such as "notebook" personal computers 
and palm-top 
personal 
computers; 
and the 
HD66204 TF and HD66204 TFL, thin package 
devices powered by 5 V ± 10% and 2.7-5.5 V, 
respectively. 


Ordering Information 


Type No. 


HD66204F 


HD66204TF 


HCD66204 


HD66204FL 


HD66204TFL 


HCD66204L 


Voltage Range 


5 V± 
10% 


5 V± 
10% 


5 V ± 10% 


2.7-5.5 V 


2.7-5.5 V 


2.7-5.5 V 


• 
Duty cycle: 1/64to 1/240 
• 
High voltage 
- 
LCD drive: 10-28 V 
• 
High clock speed 
- 
8 MHz max under 5-V operation 
(HD66204F/HD66204TF) 
- 
4 MHz max under 3-V operation 
(HD66204FL/HD66204TFL) 
• 
Display off function 
• 
lnternal automatic chip enable signal generator 
• 
VariousLCD controller interfaces 
- 
LCTC series: HD63645. HD64645, 
HD64646 
- 
LVICseries: HD6684O,HD66841 
- 
CLINE: HD66850 . 


Package 


100-pin plastic OFP (FP-100) 


1Oo-pin thin plastic OFP (TFP-100) 


Chip 


10o-pin plastic OFP (FP-100) 


1Oo-pin thin plastic OFP (TFP-100) 


Chip 


Y51 


Y52 
Y53 


Y54 


Y55 


Y56 


Y57 


Y58 


Y59 


Y60 


Y61 
Y62 


Y63 


Y64 


Y65 


Y66 
Y67 


Y68 
Y69 


Y70 
Y71 


Y72 


Y73 


Y74 


Y75 
Y76 


Y77 


Y78 


Y79 


Y80 


Y30 
Y29 
Y28 


Y27 
Y26 


Y25 
Y24 


Y23 


Y22 


Y21 


Y20 
Y19 


Y18 
Y17 


Y16 


Y15 
Y14 


Y13 
Y12 


Y11 
Y10 


Y9 
Y8 
Y7 


Y6 
Y5 
Y4 
Y3 
Y2 


Y1 


Y53 
Y54 
Y55 
Y56 
Y57 
Y58 
Y59 
Y60 
Y61 
Y62 
Y63 
Y64 
Y65 
Y66 
Y67 
Y68 
Y69 
Y70 
Y71 
Y72 
Y73 
Y74 
Y75 
Y76 
Y77 


Y27 
Y26 
Y25 
Y24 
Y23 
Y22 
Y21 
Y20 
Y19 
Y18 
Y17 
Y16 
Y15 
Y14 
Y13 
Y12 
Y11 
Y10 
Y9 
Y8 
Y7 
Y6 
Y5 
Y4 
Y3 


HD66204 


Pin Description 


Symbol 
Pin No. (FP-100ITFP-100) 
Pin Name 
Input/OUtput 
Classlflcatlon 


Vcc 
40138 
Vcc 
Power supply 


GND 
38136 
GND 
Power supply 


VEE 
35J33 
VEE 
Power supply 


V1 
32130 
V1 
Input 
Power supply 


V3 
33131 
V3 
Input 
Power supply 


V4 
34132 
V4 
Input 
Power supply 


Cl1 
37/35 
Clock 1 
Input 
Control signal 


Cl2 
49/44 
Clock 2 
Input 
Control signal 


M 
36134 
M 
Input 
Control signal 
00-03 
48-45/43-40 
Data o-data 
3 
Input 
Control signal 


SHL 
41/39 
Shift left 
Input 
Control signal 


E 
31129 
Enable 
Input 
Control signal 


CAR 
50/48 
Carry 
Output 
Control signal 


DISPOFF 
39/37 
Display off 
Input 
Control signal 


Y1-Y80 
51-100, 
1-30/49-100, 
1-28 
Y1-Y80 
Output 
LCD drive output 


NC 
42,43,44145,46,47 
No connection 


Power Supply 


Vcc, VEE' GND: Vcc-GND supplies power to 
the internal logic circuits. 
Vcc- VBEsupplies 
power to the LCD drive circuits. 


VI, V3, V4: Supply different levels of power to 
drive the LCD. VI and VBBare selected levels, 
and V3 and V4 are non-selected levels. See figure 
1. 


Control Signal 


CLl: Inputs display data latch pulses for the line 
data latch circuit. 
The line data latch circuit 
latches display data input from the 4-bit latch 
circuit, 
and 
outputs 
LCD 
drive 
signals 
corresponding to the latched data, both at the 
falling edge of each CLI pulse. 


CL2: Inputs display data latch pulses for the 4-bit 
latch circuit. The 4-bit latch circuit latches display 
data input via Do-~ 
at the falling edge of each 
CL2pulse. 


M: Changes LCD drive outputs to AC. 


Do-D3: Input display data. High-voltage level of 
data corresponds to a selected level and turns an 
LCD pixel on, and low-voltage 
level 
data 
corresponds to a non-selected level and turns an 
LCD pixel off. 


SHL: Shifts the destinations 
of display data 
output. See figure 2. 


E: A lowE enables the chip, and a highE disables 
the chip. 


CAR: Outputs theEsignal to the next HD66204 if 
HD66204s are connected in cascade. 


DISPOFF: A low DISP sets LCD drive outputs 
Y1-Y80 to VI level. 


LCD Drive Output 


YI-Yso: Each Y outputs one of the four voltage 
levels VI, V3, V4, or VBB, depending 
on a 
combination of the M signal and display data 
levels. See figure 3. 


NC: Must be open. 


V1 
V3 


V4 
VEE 


Do 
01 
D2 
D3 
1st 
2nd 


(")~ll) CDt::COQ) 0 
>:>:>: >:>:>:>: ~ 
-----------mr 
----------- 


----------- 
----------- 
n 
~ 


~~ll) 
CD~COQ) 
~ 
>->:>: >:>->:>: >- 


-----------mr 
----------- 


----------- 
----------- 


M--.J 
1 
I 
0 
I 


o~ 


Y output level 
rvE~rv:r vtr v:1 


Controller: 
The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit 


The 4-bit latch circuit latches 4-bit parallel data 
input via the Do to D3 pins at the timing generated 
by the control circuit 


The SO-bitline data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CLl) pulse. 


The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit 


The SO-bit LCD drive circuit generates 
four 
voltage levels VI, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 
the corresponding 
Y pin, 
depending 
on a 
combination of the M signal and the data in the 
line data latch circuit. 


V1 
V3 
V4 
VEEM------- 


DISPOFF 
CL1 


SHL 
CL2 
E 
CAR 


Item 
HD66204 
HD61104 


Clock speed 
8.0 MHzmax. 
3.5 MHzmax. 


Display off function 
Provided 
Not provided 


LCD drive voltage 
range 
10-28 
V 
10-26 
V 


Relation 
between 
SHL and 
See figure 4 
See figure 4 
LCD output destinations 


Relation between 
LCD output 
See figure 5 
See figure 5 


levels, M, and data 


LCD drive V pins 
V1. V3, V4 
V1,V2,V3.V4 
(V2 level is the same as VEE level) 


1st 
2nd 
Last 


SHL-Iow 
>~~~~~~~ ~~~~~~~~ 


----~ 
=--=.fL-.J} 


2nd 


SHL- 
high 


HD61104 


1 


D~ 


Y output level 
~EEi,i4V4.i4 V1 .14V3., 


1 


D~ 


Youtput level 
i4V1.j4V3.j4V2.j4V4 ~ 


CAR 
(No.1) 


CAR 
(No.2) 


CAR 
(No.3) 


CAR 
(No. n) 


Jt.fl:fi- - 
19 
20 . 21 


HD66204 no. 2 
latches data 


HD66204 no. 3 
latches data 


HD66204 
no. n 
latches data 


HD66204 


J- 


CAR 
--- 
liiiPOFi' 
- 


DO-O:l 
~ .- 
•• 
cu 
(') 
Q.. 
;: 
w 
\- 
~I 


SHl nU 
V•• ..,! 
I 
~ 
, '--- 
i 
J- 


CAR 


liiiPOFi' 
DO-O:l 
~ .- 
•• 
LCDPftlIofMOx::MOdota; 
CU 


1i24OctJor_ 
(2l 
Q.. 
;: 
w 
'r 


V3 
V. 


SHI. 
E! i~ 
v.."'! 
f- 


eAR 


liiiPOFi' 
DO-O:l 
- 
~ 
•• 
- 
.- 
cu 
••• 
(') 
Q.I 


HI 
II ~ 


w 
V3 
VI 


~-~v,,""-;'~ 
v..~HL 
ni ~ 


~~ 
- 
oo-~~ 
_ 
DC 


(I) 
(3) 


":J "~ 
w 
1: >U~d 
•• 
1Hf:l:;;!llJ!l!d •• 
III 
=- 
=- 
I 
- 


Ir r r* 
~ 
m IT7_ IT1 
r- 


IU IU IU IU.I 


AI 
AI 
R2 
At 
At 
--I 
QNOv.. 


I 


~D_I 
il 
~il 
I 


Notes: 
1. The resistances 
of R1 and R2 depend on the type of the LCD panel used. 
For example, 


for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kn and 33 kn, respectively. 
That 
is, R1/(4· 
R1 + R2) should be 1/15. 


2. 
To stabilize the power supply, place two 0.1 iLF capacitors 
near each LCD driver: one 
between 
the Vcc and GND pins, and the other between the Vcc and VEE pins. 


Symbol 


Vcc 


VEE 
Vn 
VT2 


Top! 


Rating 


-0.3 to +7.0 


Vcc - 30.0 to Vcc + 0.3 


-0.3 
to Vcc + 0.3 


VEE - 0.3 to Vcc + 0.3 


-20 to +75 


Unit 


V 


V 


V 


V 


Power supply voltage for logic circuits 


Power supply voltage for LCD drive circuits 


Input voltage 
1 


Input voltage 
2 


Operating 
temperature 


Storage temperature 


Notes: 
1. The reference 
point is GNO (0 V). 


2. 
Applies to pins CL 1, CL2, M, SHL, E, 00-03, 
OISPOFF. 


3. 
Applies to pins V1, V3, and V4. 


4. 
If the LSI is used beyond 
its absolute 
maximum 
ratings, 
it may be permanently 
damaged. 
It 
should 
always be used within its electrical 
characteristics 
in order to prevent 
malfunctioning 
or 


degradation 
of reliability. 


DC Characteristics 
for the HD66204F/HD66204TF 
(Vcc = S V ± 10%, GND = 0 V, Vcc - VEE = 10 


to 28 V, and Ta = -20 to +7SoC, unless otherwise 
noted.) 


Item 
Symbol 
Pins 
Min. 
Typ. 
Max. 
Unit 
Condition 
Notes 


Input high voltage 
V1H 
1 
0.7 x Vcc 
V 
V 


Input low voltage 
V1L 
1 
0 
0.3xVcc 
V 


Output 
high voltage 
VOH 
2 
Vcc-0.4 
V 
IoH .-0.4 
mA 


Output 
low voltage 
VOl 
2 
0.4 
V 
IOL- O.4mA 


Vi-Yj 
on resistance 
RoN 
3 
4.0 
kn 
ioN· 
100 I!A 


Input leakage current 
1 
1111 
1 
-1.0 
1.0 
I!A 
V1N• Vcc to GNO 


Input leakage current 2 
IIL2 
4 
-25 
25 
I!A 
V1N• Vcc to VEE 


Current consumption 
1 
IGND 
3.0 
mA 
fCL2 • 8.0 MHz 
2 
fCl1• 
20 kHz 
Vcc- 
VEE• 
28 V 


Current consumption 
2 
lEE 
150 
500 
I!A 
Same as above 
2 


Current consumption 
3 
1ST 
200 
I!A 
Same as above 
2,3 


Pins and notes on next page. 


DC Characteristics 
for the HD66204FLIHD66204TFL 
(Vcc = 2.7 to s.s V, GND = 0 V, Vcc - VEE = 


10 to 28 V, and Ta = -20 to +75°C, unless otherwise 
noted.) 


hem 
Symbol 
Pins 
Min. 
Max. 
Unit 
Condition 
Notes 


Input high voltage 
V1H 
0.7xVcc 
Vcc 
V 


Input low voltage 
V1L 
0 
0.3 xVcc 
V 


Output 
high voltage 
VOH 
2 
Vcc-0.4 
V 
IoH .-0.4 
mA 


Output 
low voltage 
VOL 
2 
0.4 
V 
IoL .0.4 
mA 


Vi-Yj 
on resistance 
RoN 
3 
4.0 
kn 
iaN· 
100 lJA 


Input leakage current 
1 
11L1 
1 
-1.0 
1.0 
lJA 
V1N• Vcc to GNO 


Input leakage current 2 
IIL2 
4 
-25 
25 
lJA 
V1N• Vcc to VEE 


Current consumption 
1 
IGND 
1.0 
mA 
fCL2 • 4.0 MHz 
2 


fCL1 • 16.8 kHz 
fM .35 
Hz' 


VCC• 
3.0 V 
Vcc - VEE• 
28 V 
Checker-board 
pattern 


Current consumption 
2 
lEE 
500 
lJA 
Same as above 
2 


Current consumption 
3 
1ST 
50 
lJA 
Same as above 
2,3 


Pins: 
1. 
CL 1, CL2, M, SHL, E,00-03, OISPOFF 


2. 
CAR 


3. 
Y,-Y80, 
V1, V3, V4 


4. 
V1, V3, V4 


1. 
Indicates 
the resistance 
between 
one pin from Y,-Yso 
and another 
pin from V1, V3, V4, and 
VEE, when load current is applied to the Y pin; defined 
under the following 
conditions. 


Vcc - GNO. 
28 V 


V1, V3 z Vcc-{2110(Vcc- 
VEE)} 


V4. 
VEE + {2110(Vcc - VEE)} 


V1 and V3 should be near Vcc level, and V4 should 
be near VEE level (figure 6). 
All voltage 
must 
be within 
t:N 
I:1V is the 
range 
within 
which 
RON, the 
LCD 
drive 
circuits' 
output 
impedance, 
is stable. 
Note that I:1Vdepends 
on power supply voltage VCC-VEE (figure 7). 


2. 
Input and output 
current 
is excluded. 
When 
a CMOS 
input is floating, 
excess 
current 
flows 


from the power supply through 
the input circuit. 
To avoid this, V1Hand V1Lmust be held to Vcc 
and GNO levels, respectively. 


3. 
Applies to standby 
mode. 


Vcc 
V1 


•••••. 
V3 


28 


Vcc-VEE 
(V) 


HD66204 


AC Characteristics 
for the HD66204F/HD66204TF 
(Vcc 
= 5 V ± 10%, 
GND = 0 V, and Ta = -20 
to 


+75°C, 
unless otherwise 
noted.) 


Item 
Symbol 
Pins 
Min. 
. Max. 
Unit 
Note. 


Clock cycle time 
tevc 
CL2 
125 
ns 


Clock high-level 
width 1 
teWH 
CL1, CL2 
45 
ns 


Clock low-level 
width 
tewL 
CL2 
45 
ns 


Clock setup time 
tSCL 
CL1, CL2 
80 
ns 


Clock hold time 
tHCL 
CL1, CL2 
80 
ns 


Clock rise time 
t, 
Cl1, 
CL2 
Note 1 
ns 


Clock fall time 
tf 
CL1, CL2 
Note 1 
ns 


Data setup time 
tos 
00-03, CL2 
20 
ns 


Data hold time 
tOH 
00-03, CL2 
20 
ns 


Enable (El setup time 
tEsu 
E,CL2 
30 
ns 


Carry (CAR) output delay time 
teAR 
CAR, CL2 
80 
ns 
2 


M phase difference 
time 
teM 
M,CL2 
300 
ns 


CL 1 cycle time 
tell 
Cl1 
tcvc x 50 
ns 


AC Characteristics 
for the HD66204FLIHD66204TFL 
(V cc = 2.7 to 5.5V, GND = 0 V, and Ta = -20 


to +75°C, 
unless otherwise 
noted.) 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 
Not •• 


Clock cycle time 
tevc 
CL2 
250 
ns 


Clock high-level 
width 1 
teWH 
CL1, CL2 
95 
ns 


Clock low-level 
width 
teWL 
CL2 
95 
ns 


Clock setup time 
tSCL 
CL1, CL2 
80 
ns 


Clock hold time 
tHCL 
CL1, CL2 
80 
ns 


Clock rise time 
t, 
Cl1, 
CL2 
Note 1 
ns 


Clock fall time 
tf 
CL1, CL2 
Note 1 
ns 


Data setup time 
tos 
00-03• CL2 
50 
ns 


Data hold time 
tOH 
00-03, CL2 
50 
ns 


Enable (E) setup time 
tESU 
E, CL2 
65 
ns 


Carry (CAR) output delay time 
teAR 
CAR, CL2 
155 
ns 
2 


M phase difference 
time 
teM 
M,CL2 
300 
ns 


CL 1 cycle time 
tell 
Cl1 
tcvc x 50 
ns 


Notes: 
1. t,. tf < (tevc - teWH - teWL)12 and t" tf S 50 ns 


2. 
The load circuit shown in figure 8 is connected. 


Testpoint0.....--- 
....± 30pF 


O.7Vcc 


O.3Vcc 


O.7Vcc 
O.3Vcc 


HD66205------- 
(Dot Matrix Uquid Crystal Graphic Display 
Common Driver with SO-Channel Outputs) 


Description 


The HD66205F/HD66205FL/HD66205TF/HD 
66205TFL/HD66205T/HD66205TL, the row LCD 
driver, features low output impedance and as many 
as 80 LCD outputs powered by 80 internal LCD 
drive circuits, and can drive a large liquid crystal 
graphic display. Because this device is fabricated 
by the CMOS process, it is suitable for battery- 
driven portable equipment, which fully utilizes the 
low power dissipation of liquid crystal elements. 
The HD66205 
has a complete 
line-up: 
the 
HD66205F, a standard device powered by 5 V ± 
10%; the HD66205FL, a 2.7-5.5 V, low power 
dissipation 
device; 
the 
HD66205TF 
and 
HD66205TFL, thin film package devices each 
powered by 5 V ± 10% and 2.7-5.5 V; and the 


HD66205T, tape carrier package (TCP) devices 
powered by 2.7-5.5 V,respectively. 


Features 


• 
Duty cycle: 1/64 to 1/240 
• 
High voltage 
- 
LCD drive: 1~28 V 
• 
Display off function 
• 
Internal SO-bitshift register 
• 
VariousLCD controller interfaces 
- 
LCTC series: HD63645, HD64645, 
HD64646 
- 
LVICseries: HD66840, HD66841 
- 
CLINE: HD66850 


Type No. 


HD66205F 


HD66205FL 


HD66205TF 


HD66205TFL 


HCD66205 


HCD66205L 


Vonage 
Range 


5V±10% 


2.7-0.5 
V 


5 V± 
10% 


2.7-0.5 
V 


5 V± 
10% 


2.7-0.5 
V 


Package 


100-pin plastic OFP (FP-100) 


100-pin plastic OFP (FP-100) 


1OO-pin thin plastic OFP (TFP-1 00) 


1OO-pin thin plastic OFP (!FP-1OO) 


Chip 


Chip 


Ordering Information 2 (tape carrier package) 


Type No. 
Voltage 
Range 
Outer 
Lead pnch 
1 
Outer 
Lead pnch 
2 
Device 
Length 


HD66205TA1 
2.7-5.5V 
0.15mm 
0.80mm 
4 sprocket 
holes 


HD66205TA2 
2.7-5.5V 
0.18mm 
0.80mm 
4 sprocket 
holes 


HD66205TA3 
2.7-5.5V 
0.20mm 
0.80mm 
4 sprocket 
holes 


HD66205TA6 
2.7-5.5V 
O.22mm 
0.70mm 
4 sprocket 
holes 


HD66205TA7 
2.7-5.5V 
0.25mm 
0.70mm 
4 sprocket 
holes 


HD66205TA9L 
2.7-5.5V 
O.22mm 
0.70mm 
3 sprocket 
holes 


Notes: 
1. Outer lead pitch 1 is for LCD drive output pins. and outer lead 
pitch 2 for the other pins. 


2. 
Device length includes test pad areas. 
3. 
Spacing 
between 
two sprocket 
holes is 4.75mm. 
4. 
Tape film is Upirex (a trademark 
of Ube industries, 
Ltd.). 
5. 
35-mm-wide 
tape is used. 
6. 
Leads are plated with Sn. 


7. 
The details of TCP pattern are shown in • The Information 
of TCP .• 
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HD66205 


Pin Description 


Symbol 
Pin No. 
Pin Name 
Input/Output 
Classification 
(FP-100 I TFP-100) 
Vcc 
40138 
Vcc 
Power supply 


GND 
42/40 
GND 
Power supply 


VEE 
34132 
VEE 
Power supply 


V1 
37/35 
V1 
Input 
Power supply 


V5 
35133 
V5 
InpU1 
Power supply 


V6 
36134 
V6 
Input 
Power supply 


Cl 
46/44 
Clock 
Input 
Control signal 


M 
44/42 
M 
Input 
Control signal 


01 
48/46 
Data in 
Input 
Control signal 


DO 
32/31 
Data out 
Output 
Control signal 


SHl 
41139 
Shift left 
Input 
Control signal 


DISPOFF 
39137 
Display off 
Input 
Control signal 


X,-X80 
51-100, 
1-301 
X1-X80 
Output 
lCD 
drive output 
1-28,49-100 


NC 
31, 33, 38, 43, 
No connection 
45, 47, 49, 501 
29,30,36,41, 
43,45,47,48 


Vcc, VEE, GND: Vcc-GND supplies power to the 
internal logic circuits. Vcc- VEE supplies power to 
the LCD drive circuits. 


VI, VS, V6: Supply different levels of power to 
drive the LCD. 
VI and VEE are selected levels, 
and V5 and V6 are non-selected levels. See figure 
1. 


Control Signal 


CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts display data input via the DI 
pin. 


DI: Inputs display data. DI of the first HD66205 
must be connected to an LCD controller,and those 
of the other HD66205s must be connected to DI of 
the previous HD66205. 


DO: Outputs 
display 
data. 
DO of the last 
HD66205 must be open, and those of the other 
HD66205s must be connected to DI of the next 
HD66205. 


SHL: Selects the data shiftt direction for the shift 
register. See figure 2. 


DISPOFF: A low DISP sets LCD drive outputs 
X1-XSO to VI level. 


LCD Drive Output 


X1-XSO: Each X outputs one of the four voltage 
levels VI, V5, V6, or VEE, depending 
on a 
combination of the M signal and display data 
levels. See figure 3. 


V1 
V6 


V5 
VEE 


Common signal 
SHL level 
Data shift direction 
scan direction 


Low 
Il~SR1 
~SR2 
~SR80 
X1 ~ 
X80 


High 
DI ~ 
SR80~SR79 
~ 
SR1 
X80~X1 


M--.J 
1 
I 
0 
, 


D~ 


X output level rvtrvt~E~rvtl 


The 
SO-bit LCD 
drive 
circuit 
generates 
four 
voltage levels VI, V5, V6, and VEE, for driving an 
LCD panel. 
One of the four levels is output to the 
corresponding 
Y pin, depending 
on a combination 
of the M signal and the data in the shift register 


The SO-bit shift register shifts data input via the DI 
pin by one bit, and the one bit of shifted-out data is 
output 
from 
the DO pin. 
Both 
actions 
occur 
simultaneously 
at the falling 
edge of each shift 
clock (CL) pulse 


The level shifter changes 
5-V signals 
into high- 
voltage signals for the LCD drive circuit. 


V1, V5 


V6, VEE 
M 


DISPOFF 
CL 
DI 
SHL 


Item 


Display off function 


LCD drive voltage 
range 


Shift clock phase selection 
function 


Relation 
between 
SHL and 
LCD output destinations 


Relation 
between 
LCD output 
levels. M. and data 


LCD drive V pins 


HD66205 


Provided 


10-28 
V 


Not provided 


See figure 4 


HD61105 


Not provided 


10-26 
V 


Provided 
(FCS pin) 


See figure 4 


V1.V5. 
V6 
(V2 level is the same as VEE level) 


Common 
signal 
SHL level 
Data shift direction 
scan direction 


Low 
Dt ~ 
SR1 -> SR2 
~ 
SR80 
X1 ~ 
X80 


High 
Dt • 
SR80~ 
SR79 -> SR1 
X80~X1 


Common 
signal 
SHL level 
Data shift direction 
scan direction 


Low 
Dt • 
SR80~ 
SR79 -> SR1 
X80~X1 


High 
Dt ~ 
SR1 
~ 
SR2 
~ 
SR80 
X1 ~ 
X80 


M......J 
1 
0 
r 


D~ 


X output level 
~V1 .~V5 .il'E'i~V6 ., 


HD662Q5 


M-.J 
1 
0 
r 


D~ 


X output level 
~V2 .~V6 •••••V1.~ V5 ~ 
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1. The resistances 
of R1 and R2 depend 
on the type of the LCD panel used. 
For example. 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kQ, respectively. 
That 


is, R1/(4· 
R1 + R2) should be 1/15. 


2. 
To stabilize 
the power 
supply, 
place 
two 
O.1-l!F capacitors 
near each 
LCD driver: 
one 
between 
the Vcc and GND pins. and the other between the Vcc and VEE pins. 


Symbol 


Vcc 


VEE 


VT1 


VT2 
Topr 
Tstg 


Rating 


-0.3 to +7.0 


Vcc - 30.0 to Vcc + 0.3 


-0.3 
to Vcc + 0.3 


VEE - 0.3 to Vcc + 0.3 


-20 to +75 


Unit 


V 


V 


V 


V 


Power supply voltage for logic circuits 


Power supply voltage for LCD drive circuits 


Input voltage 
1 


Input voltage 
2 


Operating 
temperature 


Storage temperature 


Notes: 
1. The reference 
point is GND (0 V). 


2. 
Applies to pins CL, M, SHL, 01, DISPOFF. 


3. 
Applies to pins V1, V5, and V6. 


4. -40 to + 125°C for TCP devices. 


5. 
If the lSI 
is used beyond 
its absolute 
maximum 
ratings, 
it may be permanently 
damaged. 
lt 
should 
always be used within 
its electrical 
characteristics 
in order to prevent 
malfunctioning 
or 
degradation 
of reliability. 


DC Characteristics 
for 
the HD6620SF/HD6620STF 
(Vcc = S V ± 10%, 
GND = 0 V, Vcc 
- VEE = 10 


to 28 V, and Ta = -20 
to +7SoC, unless otherwise 
noted.) 


Item 
Symbol 
Pins 
Min. 
Typ. 
Max. 
Unit 
Condition 
Not •• 


Input high voltage 
V1H 
1 
0.7 x Vcc 
Vcc 
V 


Input low voltage 
V1l 
1 
0 
0.3 x Vcc 
V 


Output 
high voltage 
VOH 
2 
Vcc-O.4 
V 
IoH--o.4 
mA 


Output 
low voltage 
VOl 
2 
0.4 
V 
1oL•• 0.4 mA 


Vi- Vj on resistance 
RoN 
3 
2.0 
kQ 
ION-100~ 


Input leakage current 
1 
11L1 
1 
-1.0 
1.0 
~ 
V1N•• Vcc to GND 


Input leakage current 2 
IIl2 
4 
-25 
25 
~ 
V1N•• Vcc to VEE 


Current consumption 
1 
IGND 
100 
~ 
fCl" 
20 kHz 
2 
Vcc - VEE •• 28 V 


Current consumption 
2 
'EE 
150 
500 
~ 
Same as above 
2 


Pins and notes on next page. 


DC Characteristics 
for the HD66204FLIHD66204TFLIHD66204T 
(Vcc = 2.7 to 5.5 V, GND = 0 V, 


Vcc - VEE = 10 to 28 V, and Ta = -20 to +75°C, unless otherwise 
noted.) 


Current consumption 
2 
lEE 


Pins: 
1. CL, M, SHL, 01, OISPOFF 


2. DO 


3. 
X1-X80, 
V1, V5, V6 


4. 
V1, V5, V6 


Notes: 
1. 
Indicates 
the resistance 
between 
one pin from X1-XSO 
and another 
pin from V1, V5, V6, and 
VEE, when load current is applied to the X pin; defined 
under the following 
conditions. 


Vee - VEE- 28 V 


V1, V6 • Vee - (1/1 O(Vcc - VEE)} 


V5. 
VEE + (1/10(Vcc 
- VEE)} 


V1 and V6 should be near Vee level, and V5 should 
be near VEE level (figure 7). 
All voltage 
must 
be within 
IN 
t.V 
is the 
range 
within 
which 
RON, the 
LCD 
drive 
circuits' 
output 
impedance, 
is stable. 
Note that t.V depends 
on power supply voltage 
Vcc-VEE 
(figure 8). 


2. 
Input and output 
current 
is excluded. 
When 
a CMOS 
input is floating, 
excess 
current 
flows 
from the power supply through 
the input circuit. 
To avoid this, V,H and V,l must be held to Vcc 
and GNO levels, respectively. 


3. 
Applies to standby 
mode. 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 


Input high voltage 
V1H 
1 
0.7xVcc 
Vcc 
V 


Input low voltage 
V1l 
1 
0 
0.3 xVcc 
V 


Output 
high voltage 
VOH 
2 
Vee-0.4 
V 


Output 
low voltage 
VOl 
2 
0.4 
V 


Vi-Vj 
on resistance 
RoN 
3 
2.0 
kO 


Input leakage 
current 
1 
I'll 
1 
-1.0 
1.0 
~ 


Input leakage 
current 2 
1112 
4 
-25 
25 
~ 


Current consumption 
1 
IGND 
100 
~ 


IoH.-0.4 
mA 


1oL. 0.4 mA 


IoN. 100 mA 


V1N• 
Vcc to GNO 


V1N• Vcco to VEE 


fel - 16.8 kHz 
fM-35 
Hz 
Vcc-3.0V 
Vcc - VEE - 28 V 


Same as above 


Vcc 
V1 


2.8 


!:N (V) 


28 


Vcc-VEE 
(V) 
• 


HD66205 


AC Characteristics for the HD6620sF/HD6620STF (Vcc = 5 V ± 10%, GND = 0 V,and Ta = -20 to 


+75°C, unless otherwise noted.) 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 
Note 


Clock cycle time 
tevc 
CL 
10 
IlS 


Clock high-level 
width 1 
teWH 
CL 
50 
ns 


Clock low-level 
width 
teWL 
CL 
1.0 
Ils 


Clock rise time 
t,. 
CL 
30 
ns 


Clock fall time 
tf 
CL 
30 
ns 


Data setup time 
tos 
DI,CL 
100 
ns 


Data hold time 
tDH 
01, CL 
100 
ns 


Data output delay time 
too 
DO,CL 
3.0 
Ils 


Data output hold time 
tDHW 
DO,CL 
100 
ns 


AC Characteristics for the HD6620sFLIHD6620STFL/HD6620ST (Vcc = 2.7 to s.s V,GND = 0 V, 
and Ta = -20 to +75°C, unless otherwise noted.) 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 
Note 


Clock cycle time 
tevc 
CL 
10 
Ils 


Clock high-level 
width 1 
teWH 
CL 
80 
ns 


Clock low-level 
width 
teWL 
CL 
1.0 
Ils 


Clock rise time 
tr 
CL 
30 
ns 


Clock fall time 
tf 
CL 
30 
ns 


Data setup time 
tos 
DI,CL 
100 
ns 


Data hold time 
tOH 
DI,CL 
100 
ns 


Data output delay time 
too 
DO,CL 
7.0 
Ils 


Data output hold time 
tOHW 
DO,CL 
100 
ns 


Noles: 
1. The load circuit shown in figure 9 is connected. 


test point O---l- 
J; 30 pF 


O.8Vcc 
O.2Vcc 


HD66214T (Micro-TAB) 
(SO-Channel Column Driver 
in Micro- YCP) 


The HD66214T, the column driver for a large 
liquid crystal graphic display, features as many as 
80 LCD outputs powered by 80 internal LCD 
drive circuits. 
This device latches 4-bit parallel 
data sent from an LCD controller, and generates 
LCD drive signals. In standby mode provided by 
its internal standby function, only one drive circuit 
operates, 
lowering 
power dissipation. 
The 
HD66214, packaged in an 8-mm-wide micro-tape 
carrier package (micro-TCP), enables a compact 
LCD system with a narrower frame (peripheral 
areas for LCD drivers) -about 
half as large as 
that os an existing system. The HD66214T is a 
low power dissipation device powered by 2.7-5.5 
V suitable for battery-driven portable equipment 
such as notebook personal computers and palm- 
top personal computers. 


• 
Duty cycle: 1/64to 1/240 
• 
High voltage 
- 
LCD drive: 1~28 V 
• 
High clock speed 
- 
8 MHz max under 5-V operation 
(HD66214T) 
- 
4 MHz max under 3-V operation 
(HD66214TL) 
• 
Display off function 
• 
Internal automatic chip enable signal generator 
• 
VariousLCD controller interfaces 
- 
LCTC series: HD63645, HD64645, 
HD64646 
- 
LVICseries: HD66840, HD66841 
- 
CLINE: HD66850 
• 
98-pin TCP 


TypeNo. 
VoltageRange 
OuterLeadPitch1 
OuterLeadPitch2 
Device~ength 


HD66214TA1 
2.7-5.5 V 
0.15 mm 
0.80 mm 
3 sprocketholes 


HD66214TA2 
2.7-5.5 V 
0.18 mm 
0.80 mm 
3 sprocketholes 


HD66214TA3 
2.7-5.5 V 
0.20 mm 
0.80 mm 
3 sprocketholes 


HD66214TA6 
2.7-5.5 V 
0.20 mm 
0.45 mm 
3 sprocketholes 


HD66214TA9L 
2.7-5.5 V 
0.22 mm 
0.45 mm 
2 sprocketholes 


Notes: 
1. Outer leadpitch 1 is for LCDdrive outputpins,andouter leadpitch2 for the other pins. 


2. Devicelengthincludestest pad areas. 


3. Spacingbetweentwo sprocketholes is 4.75 mm. 


4. Tapefilm is Upirex(a trademarkof Ube Industries,Ltd.). 


5. 35-mm-widetape is used. 


6. Leadsare platedwith Sn. 


7. The detailsof TCP patternare shownin • The Informationof TCP.• 


Vcc 
1 
E 
2 
Dummy 
DO 
3 
J 


D1 
4 
98 
Y1 


D2 
5 
97 
Y2 


D3 
6 
96 
Y3 


CL2 
7 
CL1 
8 


M 
9 


DISPOFF 
10 
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Dummy 
V1 
18 
J 


Top view 


HD66214T 


Pin Description 


Symbol 
Pin No. 
Pin Name 
Input/Output 
Classification 


Vcc 
1,12 
Vcc 
Power supply 


GND 
14 
GND 
Power supply 


VEE 
15 
VEE 
Power supply 


V1 
18 
V1 
Input 
Power supply 


V3 
17 
V3 
Input 
Power supply 


V4 
16 
V4 
Input 
Power supply 


CL1 
8 
Clock 1 
Input 
Control signal 


CL2 
7 
Clock 2 
Input 
Control signal 


M 
9 
M 
Input 
Control signal 
00-03 
3-6 
Data o-data 
3 
Input 
Control signal 


SHL 
13 
Shift left 
Input 
Control signal 


E 
2 
Enable 
Input 
Control signal 


CAR 
11 
Carry 
Output 
Control signal 


DISPOFF 
10 
Display off 
Input 
Control signal 


Y,-Yso 
19-98 
Y1-Y80 
Output 
LCD drive output 


vCC' VEE' GND: VCc-GND supplies power to the 
internal logic circuits. Vcc-VEE supplies power 
to the LCD drive circuits. 


VI, V3, V4: Supply different levels of power to 
drive the LCD. VI and VEE are selected levels, 
and V3 and V4 are non-selected levels. See figure 
1. 


CLI: Inputs display data latch pulses for the line 
data latch circuit. 
The line data latch circuit 
latches display data input from the 4-bit latch 
circuit, 
and 
outputs 
LCD 
drive 
signals 
corresponding to the latched data, both at the 
falling edge of each CLl pulse. 


CL2: Inputs display data latch pulses for the 4-bit 
latch circuit. The 4-bit latch circuit latches display 
data input via 00-03 at the falling edge of each 
CL2pulse. 


M: Changes LCD drive outputs to AC. 


Do-DJ: Input display data. High-voltage level of 
data corresponds to a selected level and turns an 
LCD pixel on. and low-voltage 
level 
data 
corresponds to a non-selected level and turns an 
LCD pixel off. 


SHL: Shifts the destinations 
of display data 
output See figure 2. 


E: A lowE enables the chip, and a highEdisables 
the chip. 


CAR: Outputs theE signal to the next 0066214 if 
HD66214s are connected in cascade. 


DISPOFF: A low DISP sets LCD drive outputs 
y 1-Y80to VI level. 


y1-Yso: Each Y outputs one of the four voltage 
levels VI, V3, V4, or VEE• depending 
on a 
combination of the M signal and display data 
levels. See figure 3. 


V1 


V3 


V4 
VEE 


DO 
01 
D2 
D3 
1st 
2nd 


C')~1Il co •.•..coO> 0 
~~~~~~~~ 
-----------mJ 
----------- 


----------- 
----------- 
~ 


C')~1Il 
co •••••co 0> 0 
•.•..•.•..•.•..•.•..•.•..•.•..•.•.. 
co 
»»»» 
-----------~ 
----------- 


----------- 
----------- 


M~ 
1 
I 
0 
.- 


O~ 


Youtput level ~E~rV:r 
vtrv:1 


Controller: 
The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit 


The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit 


The SO-bit LCD drive circuit generates 
four 
voltage levels VI, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is ootput to 
the corresponding 
Y pin, 
depending 
on a 
combination of the M signal and the data in the 
line data latch circuit. 


The 4-bit latch circuit latches 4-bit parallel data 
input via the DOto D3 pins at the timing generated 
by the control circuit. 


The SO-bitline data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock I (CLl) pulse. 


V1 
V3 
V4 
VEE 
M 


DISPOFF 
CL1 


SHL 
CL2 
E 
CAR 


Item 
HD66214 
HD61104 


Clock speed 
8.0 MHz max. 
3.5 MHz max. 


Display off function 
Provided 
Not provided 


LCD drive voltage 
range 
10-28 
V 
10-26 
V 


Relation 
between 
SHL and 
See figure 4 
See figure 4 


LCD output destinations 


Relation 
between 
LCD output 
See figure 5 
See figure 5 


levels, M, and data 


LCD drive V pins 
V1,V3, 
V4 
V1, V2,V3. 
V4 
(V2 level is the same as VEE level) 


Storage temperature 
-40 to 125°C 
-55 
to 125°C 


Package 
TCP (tape carrier package) 
QFP (quad flat package) 


2nd 


SHL- 
high 


HD66214 


1st 
2nd 
Last 


SHL-Iow 


~~~~~~~~ 
~~~~~~~~ 
....~ 
~~~-:-£dJ 


2nd 


SHL- 
high 


HD61104 


1 


D~ 


VEE V4 
V1 
V3 
Y output level 
I..l 
~~ 
~~ 
~~ 
~I 


M....J 
1 
0 
r 


D~ 


V1 
V3 
V2 
V4 
Y output level 
~ 
~~ 
~~ 
•.~ 
~ 


• 


! 
L~e 
I 
k 
~ 
i 
I 


• 
II 
i 


CL2 
~ 
--IU1..f1:- 
Jl.J1.fWn- 


i 
1 
2 
3 
19 
201 
21 
I 
=tx=x=x= 
=x=x+x= -=x=qx= 
I 
I 
I 
1 
I 
I 
:tcx=c 
=x=x!x= _....-=x=x!x= 
i 
I 
I 


CL1 -n 
! 
I 
rt- 


I 
I 
I 
: 
I 
I. 


~~ 
1) --f< 
HD66214 no. 1 latches data 
>I 
I r 
I 
I 
I 
1-------------- 
II 
r-- 
CAR 
----! 
_0( 
>1 
I 
(No.2) 
• 
HD66214 no. 2 
I 
I 
I 
~~~ 
I! 
CAR ~------------o(-->l 
I 
I 


(No.3) 
! 
HD66214 no. 3 
!,I 
I 
! 
latches data 
I 


CAR 
~ 
oo(;j 
r- 


(No. n) 
: 
HD66214 no. n 
: 
I 
latches data 
I 


Y1-Y80 ==l"-----------------------C 
i 
i 
! 
! 


~l»-O3 
II 
tC)iM21. 
CU 
(1) 
elf 


Notes: 
1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kil and 33 kil, respectively. That 
is, R1/(4· R1 + R2) should be 1/15. 


2. To stabilize the power supply, place two O.1-JlF capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Vcc and VEEpins. 


Symbol 


Vcc 


VEE 


VT1 
VT2 


Unit 


V 


V 


V 


V 


Rating 


-0.3 
to +7.0 


Vcc - 30.0 to Vcc + 0.3 


-0.3 
to Vcc + 0.3 


VEE - 0.3 to Vcc + 0.3 


-20 to +75 


Power supply voltage for logic circuits 


Power supply voltage for LCD drive circuits 


Input voltage 
1 


Input voltage 
2 


Operating 
temperature 


Storage temperature 


Notes: 
1. The reference 
point is GNO (0 V). 


2. 
Applies to pins CL 1. CL2, M, SHL. E, 00-03• 
OISPOFF. 


3. 
Applies to pins V1, V3, and V4. 


4. 
If the LSI is used beyond 
its absolute 
maximum 
ratings, 
it may be permanently 
damaged. 
It 
should 
always be used within its electrical 
characteristics 
in order to prevent 
malfunctioning 
or 
degradation 
of reliability. 


DC Characteristics 
for 
the HD66214T 
(Vcc = 5 V ± 10%, 
GND = 0 V, Vcc - VEE = 10 to 28 V, and 


Ta = -20 
to +75°C, 
unless otherwise 
noted.) 


Item 
Symbol 
Pins 
Min. 
Typ. 
Max. 
Unit 
Condition 
Note. 


Input high voltage 
V1H 
1 
0.7 xVcc 
Vcc 
V 


Input low voltage 
V1l 
1 
0 
0.3xVcc 
V 


Output 
high voltage 
VOH 
2 
Vcc-0.4 
V 
IoH .-0.4 
mA 


Output 
low voltage 
VOL 
2 
0.4 
V 
1oL. 0.4 mA 


Vi- Yj on resistance 
RoN 
3 
4.0 
kn 
1oN.100~ 


Input leakage current 
1 
1111 
1 
-1.0 
1.0 
~ 
V1N• Vcc to GNO 


Input leakage 
current 2 
1112 
4 
-25 
25 
~ 
V1N• Vcc to VEE 


Current consumption 
1 
IGND 
3.0 
mA 
fCl2 • 8.0 MHz 
2 
fCl1• 
20 kHz 
Vcc - VEE• 
28 V 


Current consumption 
2 
lEE 
150 
500 
~ 
Same as above 
2 


Current consumption 
3 
1ST 
200 
~ 
Same as above 
2,3 


Pins and notes on next page. 


DC Characteristics 
for the HD66214T 
(Vcc = 2.7 to 5.5 V, GND = 0 V, Vcc - VEE = 10 to 28 V, and 


Ta = -20 to +75°C, unless otherwise 
noted.) 


"em 
Symbol 
Pins 
Min. 
Max. 
Unit 


Input high voltage 
V1H 
1 
0.7xVcc 
Vcc 
V 


Input low voltage 
V1l 
1 
0 
0.3 xVcc 
V 


Output 
high voltage 
VOH 
2 
Vcc-0.4 
V 


Output 
low voltage 
VOl 
2 
0.4 
V 


Vi-Yj 
on resistance 
RoN 
3 
4.0 
kn 


Input leakage current 
1 
1111 
1 
-1.0 
1.0 
~ 


Input leakage 
current 2 
1112 
4 
-25 
25 
~ 


Current consumption 
1 
IGND 
1.0 
mA 


IoH.-0.4 
mA 


Iot.. 0.4 mA 


1oN.100~ 


V1N• Vcc to GNO 


V1N• Vcc to VEE 


fCl2• 
4.0 MHz 
fCl1 • 16.8 kHz 
fM• 
35 Hz 
Vcc• 
3.0 V 
Vcc- 
VEE• 
28 V 
Checker-board 
pattern 


Same as above 
Current consumption 
2 
lEE 


Current consumption 
3 
1ST 


Pins: 
1. CL 1, CL2, M, SHL, E,00-03, OISPOFF 


2. 
CAR 


3. 
Y1-Y80, 
V1, V3, V4 


4. 
V1, V3, V4 


Notes: 
1. 
Indicates 
the resistance 
between 
one pin from Y1-YSO 
and another 
pin from V1, V3, V4, and 
VEE, when load current 
is applied to the Y pin; defined 
under the following 
conditions. 


Vcc - GNO •• 28 V 


V1, V3 = Vcc - (211 O(Vcc - VEE)} 


V4 •• VEE + (2110(Vcc - VEE)} 


V1 and V3 should 
be near Vcc level, and V4 should 
be near VEE level (figure 6). 
All voltage 
must 
be within 
tN. tN is the 
range 
within 
which 
RON, the 
LCO 
drive 
circuits' 
output 
impedance, 
is stable. 
Note that tN depends 
on power supply voltage 
Vcc-VEE 
(figure 7). 


2. 
Input and output 
current 
is excluded. 
When 
a CMOS 
input is floating, 
excess 
current 
flows 
from the power supply through 
the input circuit. 
To avoid this, V1Hand V1l must be held to Vcc 
and GNO levels, respectively. 


3. 
Applies to standby 
mode. 


2 


2,3 


Vcc 
V1 


V3 


28 


Vcc-VEE 
(V) 


HD66214T 


AC Characteristics (or the HD66214T (Vcc = 5 V ± 10%, GND = 0 V, and Ta = -20 to +75°C, unless 
otherwise noted.) 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 
Notes 


Clock cycle time 
tevc 
CL2 
125 
os 


Clock high-level 
width 1 
teWH 
CL1, CL2 
45 
os 


Clock low-level 
width 
teWL 
CL2 
45 
ns 


Clock setup time 
tSCL 
CL1, CL2 
80 
ns 


Clock hold time 
!tieL 
CL1, CL2 
80 
ns 


Clock rise time 
tr 
CL1, CL2 
*1 
ns 


Clock fall time 
tf 
CL 1, CL2 
*1 
ns 


Oata setup time 
tos 
00-03• CL2 
20 
ns 


Oata hold time 
tDH 
00-03, CL2 
20 
ns 


Enable (E) setup time 
tESU 
E,CL2 
30 
ns 


Carry (CAR) output delay time 
teAR 
CAR, CL2 
80 
ns 
2 


M phase difference 
time 
teM 
M,CL2 
300 
ns 


CL 1 cycle time 
teu 
CL1 
tevc x50 
ns 


AC Characteristics (or the HD66214T (V cc = 2.7 to 5.5 V, GND = 0 V, and Ta = -20 to +7SOC,unless 
otherwise noted.) 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 
Notes 


Clock cycle time 
tevc 
CL2 
250 
ns 


Clock high-level 
width 1 
teWH 
CL1. CL2 
95 
ns 


Clock low-level 
width 
teWL 
CL2 
95 
ns 


Clock setup time 
tSCL 
CL1, CL2 
80 
ns 


Clock hold time 
!tieL 
CL1, CL2 
120 
ns 


Clock rise time 
tr 
CL1, CL2 
*1 
ns 


Clock fall time 
tf 
CL 1, CL2 
*1 
ns 


Oata setup time 
tos 
00-03• CL2 
50 
ns 


Oata hold time 
tDH 
00-03, CL2 
50 
ns 


Enable (E) setup time 
tEsu 
E,CL2 
65 
ns 


Carry (CAR) output delay time 
teAR 
CAR. CL2 
155 
ns 
2 


M phase difference 
time 
teM 
M,CL2 
300 
os 


CL 1 cycle time 
teu 
CL1 
tevc x 50 
os 


Notes: 
1. tr, tf < (tevc - tCWH- tewLlI2 
and tr, tf S 50 ns 


2. 
The load circuit shown in figure 8 is connected. 


Testpoint0---- ± 30pF 


O.7Vcc 


O.3Vcc 


CL2 


CAR 
o.avec 


E 


tCM 


M 
O.7Vcc 
O.3Vcc 


HD66224T------ 
(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with SO-Channel Outputs) 


Description 


The HD66224T is a column driver for dot matrix 
liquid crystal graphic display ststem. It has 80 
liquid crystal drive circuits and can drive large 
LCDs. The column driver latches parallel data for 
display (4/8 bit parallel) from the controller, then 
generates a drive signal and selects the proper LCD 
drive voltage. A built-in standby function that 
allows all internal drivers except one to be placed 
in standby mode (IST) lowers device power 
consumption. The column driver package is a 7.5- 
mm wide ultra-small tape carrier package (TCP), 
allowing designs using half the frame area of 
conventional displays. 


The column driver can be used in a wide range of 
battery-powered designs because its logic power 
supply can operate with an input voltage ranging 
from 2.5 to 5.5 V. 


Features 


• Display duty cycle: 1/64to 1/240 
• Number of liquid crystal drive circuits: 80 
• Parallel data transfer: 4/8 bits 
• High voltage: Drive voltage 10-28 V (absolute 
maximum rating 30 V) 
• High-speed operation: Maximum clock speed 8 
MHz (for 5 V) or 6.5 MHz (for 2.5 V) 
• Logic power supply voltage: 2.5-5.5 V 
• Built-in display off function 
• Built-in automatic generation function for chip- 
enable signal 
• Built-in standby function 
• 107-pinTCP 


Ordering Information 


Type No. 
Data Input 
Input Format 


HD66224TA1 
4-bit input 
Straight 


HD66224TA2 
4-bit input 
Straight 


HD66224TBO 
a-bit input 
Straight 


Note: The details of TCP pattern are shown in ''The Information of TCP." 


Outer Lead Pitch (J.Lm) 


210 


200 


200 


Internal Block Diagram 


Figure 1 is a block diagram of the HD66224T. 
circuit 
1 on the falling 
edge 
of clock 
CLl 
and 
outputs the data to the level shifter circuit. 


Liquid-Crystal Drive Circuit 


The LCD drive circuit selects from four available 
voltage levels (VI. V3, V4, and VEE) based on the 
combination 
of the data of latch circuit 2 and input 
to pin M. The circuit outputs the selected voltage to 
the LCDs. 


Latch Circuit 1 


Latch 
circuit 
1 consists 
of 4/8-bit 
parallel 
data 
latches that store input data Do to 0, when signaled 
by the shift register. 


Level ShiRer 


The level shifter circuit 
raises the voltage 
of the 
logic power-supply 
voltage 
to the level used for 
driving the LCDs. 


Control Circuit 


The control circuit generates 
signals that fetch the 
data for input to latch circuit 1. 


Latch Circuit 2 


The SO-bit latch circuit 2 latches data from latch 


Data Rearrange Circuit 


The data rearrange 
circuit 
performs 
left to right 
(Sill..) inversion on data Do to 0,. 


Vcc 1, Vcc2 
--I~~ 


GND 
~ 


SHL 
CL2 


Pin Description 


Table 1 
Pin Description 


Pin 
Type 
Symbol 
Number 
Pin Name 110 


Power 
Vcc1 
89 
Vcc1 
supply 
Vcc2 
102 
Vcc2 


GND 
86 
GND 


VEEL 
107 
VEEL 


VEER 
81 
VEER 


V1L 
104 
V1L 


V1R 
84 
V1R 


V3L 
105 
V3L 


V3R 
83 
V3R 


V4L 
106 
V4L 


V4R 
82 
V4R 


Function 


Vcc - GND: Connect to logic power supply. 


Vcc - VEE: 
Connect 
to power supply for liquid-crystal 
drive circuit. 


Liquid crystal drive level power supply 


~ 


---------. 
Vl 
----- 
- 
V3 
- 
-- 
V4 
----. 
VEE 


V1• VEE: selected 
level 


V3• V4: nonselected 
level 


The power supply should maintain the condition 
Vcc ~ V1 > 
V3> V4> VEE. The Land 
R sides of V1.V3• and V4 are 
separated 
within the device. so the potentials 
externally 
supplied to them must be identical. 


HD66224T 


Table 1 
Pin Description (cont) 


PIn 
Type 
Symbol 
Number 
PIn Name I/O 


Control 
CL1 
92 
Clock 1 
signal 


CL2 
93 
Clock 2 


M 
91 
M 
00-0] 
94 to 101 
Oata~7 


Function 


Synchronizes the drive signal that latches display data into 
latch circuit 2. 


Synchronizes the drive signal that latches display data into 
latch circuit 1. 


Converts the liquid crystal drive output to AC. 


DIsplay Data 
LCD Drive Output 
LCD 


High 
Selected level 
On 


Low 
Nonselecled level 
Off 


Inverts the data output destination. 
4-bit input mode: 


SHL 
Inputdataandlatchaddress 


a-bit input mode: 


SHL 
Inputdataandlatchaddress 


High 
Do 
01 
07 


Table 1 
Pin Description (cont) 


Pin 
Type 
Symbol 
Number 
Pin Name 
I/O 


Control 
~ 
90 
Display off I 
Signal 
(cont) 


801 
103 
Enable 
110 
VO 1 


802 
85 
Enable 
1/02 


Liquid 
crystal 
drive 
output 


Function 


When the liquid crystal output nonselected 
level control 
input 
pin drives i:lSiSCi'Flow. the liquid crystal drive output 
(Y1 to 
Yso) is set to the V1 level. 


VO pins for chip selection. 
Input/output 
is controlled 
by SHL 
input. 


SHL 
Enable 
I/O 1 
Enable 
I/O 2 
o 
Output 
Input 


1 
Input 
Output 


When the enable input signal goes low, data fetch begins. 
When all data has been fetched. 
the enable output changes 
from high to low and the next stage IC starts up. 


Switches the number of input bits for the display data. When 
high. places the device in 8-bit input mode; when low. 
changes 
the device to the 4-bit input mode. 


Outputs 
one of the four voltage 
levels V 1. V3, V4. or VEE, 
based on the combination 
of the M signal and the display 
data. 


AC signal M 


Display data 


Output 
level 


Sample Application 


Figure 2 shows an example of an LCD panel 
comprised of 640 x 200 dots, using the HD66224T. 
The recommended common driver is HD66215. 
For 640 x 400 dots, extend the configmation shown 
to configure two screens. 


Rl and R2 differ depending on the LCD panel 
used. For a 1/15 bias, for example, Rl = 3ill and 
R2 = 33ill are used so that Rl(4Rl + R2) = 1/15. 


When designing a board locate bypass capacitors as 
close to each device as possible, to stabilize the 
power supply. We recommend that two capacitors 
(of about 0.1 pF) be used with each HD66224T. 
One capacitor should be connected between Vcc 
and GND, and one between Vcc and VEE' 


LCD panel 
640 x 200 
11200 duty cycle 


OISPOFF 
00-07 
M 
CL2 
H066224T 
CL1 
(2) 
V4 
V3 
V, 
8~ ill 
> e» 


Input voltage (1) 


Input voltage (2) 


Operating temperature 


Storage temperature 


Notes: 1. Indicates the potential from GNO. 
2. Applies to the CL1, CL2, M, SHL, 00f. 8Cl2,00 to 07, and OISPOFF pins. 
3. Applies to the Vl' V3, and V4 pins. 
4. When a device is used outside of the absolute maximum ratings, it may suffer permanent 
damage. Exceeding the limits may cause malfunctions and have negative effects on device 
reliability. We recommend that device operating parameters be kept within these limits. 


Absolute Maximum 
Ratings 


Parameters 
Symbol 


Vcc 


VEE 


VTl 


VT2 


Topr 
TSlg 


Logic circuit 


Uquid crystal drive circuit 


Rating 


-0.3 to +7.0 


Unit 
Note. 


V 
*1 


Vcc - 30.0 to Vcc + 0.3 


-0.3 to Vcc + 0.3 


VEE- 0.3 to Vcc + 0.3 


-20 to + 75 


DC Characteristics 
(1) (Unless otherwise specified, Vcc = 5 V ± 10%, GND = 0 V, 


Vcc- VEE = 10 to 28 V, Ta = -20 to +75°C) 


Measurement 
Parameter 
Symbol 
Pin 
Mln 
Typ 
Max 
Unit 
Conditions 
Note. 


Input high 
V1H 
CL1, CL2, M, 
0.8 x Vcc 
Vcc 
V 


level voltage 
SHL, 00 to 07 


Input low 
Vll 
801,8Cl2, 
0 
0.2 x Vcc 
V 


level voltage 
[]SPCfF, 
BS 


Output high 
VOH 
801, EI02 
Vcc-O.4 
V 
IOH--o·4mA 


level voltage 


Output low 
Val 
801, EI02 
0.4 
V 
IOl- 0.4 mA 


level voltage 


Resistance 
RoN 
Y1 to Y80, V1, 
0.6 
1.5 
kn 
ION- 100 j.lA 
*1, *2 
between Vi 
V3, V4 


and Yj 


Input 
I'll 
CL1, CL2, M, 
-1.0 
1.0 
!LA 
V,N= Vcc to GNO 


leakage 
SHL, 00 to 07, 


current 1 
801,8Cl2, 
[]SPCfF, 
BS 


Input 
l'l2 
V1, V3, V4 
-25 
25 
!LA 
V,N- Vcc to VEE 


leakage 
current 2 


Symbol 


!<>ND 


Measurement 
Conditions 


fCL2 = 8.0 MHz 
fCl1 = 20 kHz 
Vcc- 
VEE -28 
V 


Current 
consumption 
1 


Current 
consumption 
2 


Current 
consumption 
3 


Notes: 
1. 
This is the resistance 
value between 
the Y pin and V pin (V1• V3• V4• or VEE) when a load current 
flows to one of the pins Y1 to Y80. Set with the following 
conditions: 
Vee - VEE = 28 V 
V1• V3 = Vee-2110(Vee- 
VEE) 
V4 - VEE + 2110(Vee - VEE) 


2. 
Describes 
the voltage 
range for the liquid-crystal 
drive level power supply. A voltage 
near Vcc is 
supplied 
to V1 and V3. A voltage 
near VEE is supplied to V4. Use within the range of tN for each. 
These ranges should be set so that the impedance 
ROM of the driver output obtained 
is stable. 


Note also that tN depends 
on the power supply voltage (Vee - VEE). See figure 3. 


3. 
Excluding 
the current flowing to the input area and output area. When the driver uses an 
intermediate 
level for input. a through current flows to the input circuit and the power supply 
current 
increases. 
so be sure that VIH - Vee and VIL - GND. 


4. 
Current during standby. 


~ 


vcc 
IN 
---V1 
- V3 


tN 
---- 
Vv4 
EE~::k~l 


10 
28 


Vcc- 
VEE (V) 


DC Characteristics 
(2) (Unless otherwise specified. Vcc = 2.5 to 4.5 V ± 10%. GND = 0 V. 
VCc-VEE = 10-28 V, Ta = -20 to +75°C) 


Symbol 


V1H 
Input high level 
voltage 


Input low level voltage V1l 


Output 
high level 
VOH 
voltage 


Output 
low level 
VOl 
voltage 


Resistance 
between 
RoN 
Vi and Yj'1,'2 


Input leakage 
IIl1 
current 
1 


Input leakage 
1112 
current 2 


Pin 


CL1, CL2. M. 
SHL, Do to 07 
EIDf, Eia2; 
"ilSFUF. BS 


EIDf, EiaI 


Mln 


0.8 x Vee 


Measurement 
Unit 
Conditions 


V 


Typ 
Max 


Vcc 


Y1 to Yso• V1• V3• - 
V4 


CL1. CL2. M, 
-1.0 
SHL. Do to 070 
801,802, 
~BS 


V1• V3• V4 


Current 
consumption 
1'3 


Current 
consumption 
2 


Current 
consumption 
3'3, '4 
'ST 
50 
J.1A 


Notes: 
1. 
This is the resistance 
value between 
the Y pin and V pin (Vl' V3, V4, or VEE) when a load current 
flows to one of the pins Y1 to Yso. Set with the following 
conditions: 
Vee - VEE = 28 V 
V1• V3 = Vcc-2110(Vcc- 
VEE) 
V4 = VEE + 2110(Vee - VEE) 


2. 
Describes 
the voltage 
range for the liquid-crystal 
drive level power supply. A voltage 
near Vee is 
supplied 
to V1 and V3. A voltage near VEE is supplied to V4• Use within the range of tN for each. 
These ranges should be set so that the impedance 
ROM of the driver output obtained 
is stable. 
Note also that tN depends 
on the power supply voltage 
(Vee - VEE). See figure 3. 


3. 
Excluding 
the current flowing to the input area and output area. When the driver uses an 
intermediate 
level for input. a through current flows to the input circuit and the power supply 
current 
increases, 
so be sure that VIH • Vcc and Vil • GNO. 


4. 
Current during standby. 


fCl2 
• 
6.5 MHz 
fCl1 • 16.8 kHz 


fm .35 Hz 
Vcc .3.0 
V 


Vcc- 
VEE. 
28 V 


AC Characteristics 
(1) (Unless otherwise specified, Vcc = 5.0 V ±lO%, GND = 0 V. 
Ta =-20 to +75 0c) 


Parameter 
Symbol 


Clock cycle time 
tevc 


Clock high level width 2 
tewH2 


Clock low level width 2 
tewL2 


Data setup time 
tos 


Data hold time 
tOH 


Clock high level width 1 
tewH1 


CL2 rise to CL 1 rise 
tLD 


CL2 fall to CL 1 fall 
tSCL 


CL 1 rise to CL2 rise 
tLS 


CL 1 fall to CL2 fall 
tHCL 


Input signal rise time" 
tr 


Input signal fall time" 
tf 


Pin 


CL2 


Mln 
Max 
Unit 


125 
ns 


45 


30 


45 


30 


45 


CL1 


CL1. CL2 


AC Characteristics 
(2) (Unless otherwise specified, Vcc 
=:= 2.5 V to 4.5 V. GND = 0 V. 
Ta = -20 to +750c) 


Parameter 
Symbol 
Pin 
Mln 
Max 
Unit 


Clock cycle time'2 
tevc 
CL2 
152 
ns 


Clock high level width 2 
tewH2 
65 


Clock low level width 2 
tewL2 


Data setup time 
tos 
Do to 07, CL2 
50 


Data hold time 
tOH 
40 


Clock high level width 1 
tewH1 
CL1 
65 


CL2 rise to CL 1 rise 
tLD 
CL1. CL2 
20 


CL2 fall to CL 1 fall 
tSCL 
65 


CL 1 rise to CL2 rise 
tLS 


CL 1 fall to CL2 fall 
tHCL 


Input signal rise time" 
tr 
50 


Input signal fall time" 
tf 
50 


Notes (tables 4 and 5): 
1. 
This is the resistance 
value between 
the Y pin and V pin (V,. V3• V4• or VEE) 
when a load current flows to one of the pins Y, to Y80. Set with the following 
conditions: 
Vcc - VEE = 28 V 
V,. V3 = Vcc - 2110(Vcc- 
VEE) 
V4 = VEE + 2/10(Vcc 
- VEE) 


2. 
tr• tf:!> 11 ns 


Figure 
4 
shows 
test 
point 
loading 
and 
test 
waveforms. 
Connect 
test points 
through 
a 15-pF 
capacitor to ground, as shown at the top of figure 4. 


BS = GND (4-Bit Fetch Mode) 


When the data fetch operation 
enable signal goes 
low (with SHL = GND and EI02 = GND), 
data 
standby is cleared. On the next rising edge of clock 
CL2, the standby is cleared. Figure 5 shows timing 
for 4-bit fetch mode operation. When CL2 falls, the 
first 4-bit data fetch is performed. 
The 4-bit fetches 
continue 
on each subsequent 
falling edge of CL2 


until 76 bits have been fetched. The enable signal 
(when 
SHL = GND, 
EIOI) 
then goes to GND 
level. 
When 
80 bits have been fetched, 
fetch is 


automatically 
halted (standby). 
If the -moT pin is . 


connected 
to the mo2 pin of the next stage, the 
next device will begin 4-bit fetch operation. 


The data 
output 
changes 
when 
CLl 
falls. 
The 
output destination 
for the fetched data when SHL = 
GND is output pin YSOfor d I, and Y1 for dSO. 


When SHL = Vcc, the destinations 
are reversed; 
dSO is output to Yso and dl is output to Yl. The 
output level (V 1 through V4) is actually selected by 
the combination 
of the display data and AC signal 
M. 


Testpoint o--~ 1 
15PF 


0.8VCC 
Finaldata 
0.2 Vcc 


tevc - tCWH2 - tCWL2 
2 


I 
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BS = vcc (8-Bit Fetch Mode) 


The 8-bit data fetch basic functions are the same as 
in the 4-bit fetch mode. Figure 6 shows timing for 
8-bit fetch mode operation. 
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HD66215T------ 
(Common Driver for a Dot Matrix Uquid 
Crystal Graphic Display with 100-Channel Outputs)· 


The HD66215T is a common driver for a large dot 
matrix liquid crystal graphic display (LCD). The 
driver's 100 channels can be divided into two 
groups of 50 channels by selecting data input! 
output pins. Outputs X 1 to X 10 and X91 to X lOO can 
be disabled by mode selection. Unused output pins 
can be equally distributed above and below the 
pins used for the LCD panel so that the panel can 
be neatly centered on the LCD board. A 101- 
channel output mode can also be selected for an 
application to various display panels. The driver is 
powered by about 3 V, making it suitable for 
battery-driven portable equipment featuring the 
low power dissipation of liquid crystal elements. 


The HD66215T, packaged in a micro-tape carrier 
package (micro-TCP), allows design of a compact 
LCD system with a frame (an area peripheral to the 
LCD panel) about half the width of conventional 
systems. 


• 
Duty cycle: About 1/64to 1/240 
100 internal LCD drive circuits (lOl-channel 
mode can be selected for a IOl-output version) 
• 
High output voltage for driving the LCD: 
10-28 V 
• 
Output division function (50 x 2-output) 
lo-output through modes 
IOI-output mode 
• 
Display off function 
• 
Internal lOO-bitshift register 
• 
VariousLCD controller interfaces 
- 
LCTC series: HD63645, HD64645, 
HD64646 
- 
LVICseries: HD6684O,HD66841 
- 
CLINE: HD66850 
• 
Micro-TCP with 3-sprocket-hole width 
• 
Operating voltage: 2.5-5.5 V 


Ordering Information 


'TYpeNo. 
Outer Lead Pitch 1 
Outer Lead Pitch 2 
Device Length 


HD66215TAO 
0.23 mm 
1.20 mm 
3 sprocket holes 


HD66215TA1 
0.22 mm 
1.00 mm 
3 sprocket holes 


HD66215TA2 
0.18 mm 
0.85 mm 
3 sprocket holes 


Notes: 1. Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 
2. Device length includes test pad areas. 
3. Spacing between two sprocket holes is 4.75 mm. 
4. Tape film is Upirex (a trademark of Ube Industries, Ltd.). 
5. 35-mm-wide tape is used. 
6. Leads are plated with Sn. 
7. The details of TCP pattern are shown in "The Information of TCP.· 
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HD6621ST 


Pin Description 


Symbol 
Pin No. 
Pin Name 
Input/Output 
Classification 


Vcc 
8 
Vcc 
Power supply 


GND 
12 
GND 


V1L, V1R 
1.20 
V1L. V1R 
Input 


V6L, V6R 
2, 19 
V6L. V6R 


VsL, VsR 
3, 18 
VsL. VsR 


VEEL. VEER 
4, 17 
VEEL, VEER 


CL 
14 
Clock 
Control signal 


M 
13 
M 


SHlJR 
9 
Shift left/right 


DI01 
15 
Data 
Input/output 


DI02 
11 


DI03 
10 


DI04 
6 


DISPOFF 
7 
Display off 
Input 


MODE1, 
MODE2 
5, 16 
Mode1, Mode2 


X1-X100 
21-120 
X1-X100 
Output 
LCD drive output 


HD6621ST 


Power Supply 


Vcc, GND: Supply power to the internal logic 
circuits. 


VIL, VIR, VSL, VsR, V(I1.,V~, 
VEEL, VEER: 
Supply different levels of power to drive the LCD. 
VI and VEE are selected levels, and Vs and V6 are 
non-selected levels. See figure 1. 


Control Signals 


CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts data input via the DIO pins. 


M: Changes LCD drive outputs to AC. 


SHLIR: Selects the data shift direction for the shift 
register and the common signal scan direction 
(figure 2). 


0101-0104: 
Input or output data. DIOI and 


DI02 are data input/output pins for X1-Xso. and 
DI03 and DI04 are input/output pins for XS1-XIOO 
(XIOI) in 50 x 2-output modes. In a 10000utput 
mode. DI02 and 0103 must be short-circuited, and 
DIOI and DI04 are used as data input/output pins. 


DISPOFP: 
Controls LCD output level. A low 
DISPOFF sets LCD drive outputs XI-X1OO (XIOI) 
to VI level. 


MODEl, MODE2: Select an LCD output mode 
(table I). In lO-output through modes. ten unused 
output pins are made invalid. These ten pins must 
be open in these modes since they output M 
signals. 


LCD Drive Outputs 


Xt-Xtoo: 
Each X outputs one of the four voltage 
levels. VI. 
Vs. 
V6• or 
VEE• depending on a 
combination of the M signal and data levels. See 
figure 3. 


MODE1 
o 
o 


1 


1 


MODE2 


o 


1 


o 


1 


selected Mode 


Normal (100-output) 


1O-output through 
(X1-X10) 
-'---'--'-"'------------ 
(X91-X100) 


---- - --- - - --- - --- --- - - - -- - --- - - - --- - - - 
V 1 


------------ 
Va 


----------------- 
Vs 


---------------------- 
VEE 


SHLJR 
0101 
0102 
0103 
0104 
Data shift direction 
and common 
signal scan direction 


In 100 x 1-output mode 


Input 
I 
I 
I 
Output 
X,-X,oo 
Short-circuited 
Low 
In 50 x 2-output 
mode 


X,-Xso 
Input 
Output 
Input 
Output 
Xs,-X,oo 


In 100 x 1-output mode 


Output 
I 
I 
I 
Input 
X,oo-X, 
Short-circuited 
High 
In 50 x 2-output 
mode 


Xso-X, 
Output 
Input 
Output 
Input 
X,oo-Xs, 


For 1O-output through 
modes and 101-output 
mode, see Selection 
of Data Shift Direction 
and Common 
Signal Scan Direction by SHLJR and 010 Pins in Each Mode. 


Figure 
2 
Selection 
of Data Shift Direction 
and Common 
Signal Scan Direction 
by SUUR 
and DlO Pins in Normal 
Mode (lOO-Output 
Mode) 


__0_1 


0101 
0102 
0103 
0104 
SHLJR 


V1L 
VeL 
VsL 
VEEL 


OISPOFF 


M 


CL 


MODE1 
MOOE2 


The 
lOO-bit LCD 
drive 
circuits 
generate 
four 
voltage levels, VI, Vs, V6' and VEE, which drive 
an LCD panel. One of the four levels is output to 
the 
corresponding 
X 
pin, 
depending 
on 
a 
combination 
of the M signal and the data in the 
shift register. 


Level Shifters 


The 
level 
shifters 
change 
logic 
control 
signals 
(2.5-5.5 
V) into high-voltage 
signals for the LCD 
drive circuit. 


The lOO-bit shift registers 
shift data input via the 
010 
pin by one bit. The bit that is shifted out is 
output from the 010 pin to the next driver IC. Both 
shifting 
and 
output 
occur 
simultaneously 
at the 
falling edge of each shift clock (CL) pulse. 
The 
Slll./R 
pin selects the data shift direction. 


Logic 3 


Logic 3 selects which shift register operates depend- 
ing on the settings of MODEl 
and MODE2. 


Data Shift and Common Signal Scan 
Direction 


Figure 4-7 
show the data shift direction and 
and DIO pins in each mode. 
common signal scan direction selected by Slll../R 


SHLIR 
0101 
0102 
0103 
0104 
Data shift direction 
and common 
signal scan direction 


In 100 x 1-output 
mode 


Input 
I 
I 
I 
Output 
X1-X100 
Short -ci rcuited 
Low 
In 50 x 2-output 
mode 


Input 
X1-XSO 
Input 
Output 
Output 
XS1-X100 


In 100 x 1-output 
mode 


Output 
I 
I 
I 


Short-circuited 
Input 
X1OO-X1 


High 
In 50 x 2-output 
mode 


Output 
Input 
Output 
Input 
XSO-X1 


Xl00-XSl 


Figure 4 Selection of Data Shift Direction and Common Signal Scan Direction by SHUR 
and 010 Pins in 100-Output Mode (MODEl = 0 and MODE2 = 0) 


SHLJR 
0101 
0102 
0103 
0104 
Data shift direction 
and common 
signal scan direction 


In gO-output mode 


I 
I 
I 
Output 
X11-X100 
Input 
Short-circuited 
Low 
In 40- and 50-output 
mode 


Input 
Output 
X11-XSO 
Input 
Output 
XS1-X100 


In gO-output mode 


I 
I 
I 
Input 
X1OO-X11 
Output 
Short-circuited 
High 
In 40- and 50-output 
mode 


Output 
Input 
Output 
Input 
XSO-X11 


X1OO-XS1 


Figure 5 Selection of Data Shift Direction and Common Signal Scan Direction by SHLIR 
and DIO pins in IO-Output (X1-X10) Through Mode 
(MODEl = 0 and MODE 2 = 1) 


SHUA 
0101 
0102 
0103 
0104 
Data shift direction 
and common 
signal scan direction 


In gO-output mode 


I 
I 
I 
Output 
X1-X90 
Input 
Short-circuited 
Low 
In SO- and 40-output 
mode 


X1-XSO 
Input 
Output 
Input 
Output 
XS1-X90 


In gO-output mode 


Output 
I 
I 
I 
Input 
X90-X1 
Short-circuited 
High 
In 50- and 40-output 
mode 


Output 
Input 
Output 
Input 
XSO-X1 


X90-XS1 


Figure 6 Selection or Data Shirt Direction and Common Signal Scan Direction by SHUR and 
DIO Pins in 10-Output (X91-X1OO) Through Mode 
(MODEl = I and MODE2 = 0) 


SHUR 
0101 
0102 
0103 
0104 
Data shift direction 
and common 
signal scan direction 


In 101-output 
mode 


I 
I 
I 
Output 
X1-X101 
Input 
Short-circuited 
Low 
In 50- and 51-output 
mode 


X1-X50 
Input 
Output 
Input 
Output 
XS1-Xl0l 


In 101-output 
mode 


I 
I 
I 
X101-X1 
Output 
Short-circuited 
Input 


High 
In 50- and 51-output 
mode 


Output 
Input 
X50-X1 
Output 
Input 
Xl0l-XSl 


Figure 7 Selection or Data Shirt Direction and Common Signal Scan Direction by SHUR and 
DIO Pins in IOI-Output Mode (MODEl = 1 and MODE2 = 1) 
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Notes: 
1. The resistances of R1 and R2 depend on the type 01LCD panel used. For example, lor an LCD panel with a 1/15 bias, R1 
and R2 must be 3 kn and 33 kn, respectively. That is, R1/(4'R1 + R2) should be 1/15. 


2. To stabilize the power supply, placelWO O.1-p.Fcapacitors near each LCD driver: one between the Vcc and GND pins. and 
the other between the Vcc and VEE.pins. 


FlU 
ClII 
~ 


1. The resistances of R1 and R2 depend on the type of lCD panel used. For example, for an lCD panel with a 1/15 bias, R1 


and R2 must be 3 kO and 33 kO, respectively. That is, R1/(4' R1 + R2) should be 1/15. 
2. To stabilize the power supply, place two O.1-jIf capacitors near each lCD driver: one between the Vcc and GND pins. and 


the other between the Vcc and VEE pins. 
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Figure 11 shows an example of an HD66215T 
driving a 480-line LCD panel with a 1/240to 1/250 
duty cycle. Here, selecting MODE1 and MODE2 
disables outputs X1-XlO of driver IC1 and outputs 
X91-XlOO of driver IC5. As a result, unused driver 
output pins can be equally distributed above and 
below the pins used for the LCD panel so that the 
panel can be neatly centered on the LCD board. In 


addition, since the 100 channels of the driver can 
be divided into two groups of 50 channels by 
selecting data input/output pins, data input is 
divided at the center of the panel (IC3). 


Figure 12 shows an example of an HD66215T 
driving a 400-1ineLCD panel with a 1/200to 1/210 
duty cycle. 


,--- - - _ .•.--_ .•.•.------- --- ------ - --; 
• 
X (not output) 
: 


Line 1 


Line 240 
------ --- -- ---- --- -- - - -- --- ---- 
Line 1 


Line 240 


: 
X (not output) 
: 
1- 
I 


Upper panel display 


• 
Division 


Lower panel display 


Xso 
--------- 


XS1 


SHLJR is low 
lCD panel 


Data 
line 1 


IC1 


line 100 


line 101 
I 


IC2 


line 200 
Upper panel display 
• 
Data 
line 1 
lower panel display 


IC3 
1 
line 100 


line 101 


IC4 


line 200 


Symbol 


Vcc 


Rating 


-0.3 to +7.0 


Unit 


V 


Note 


2 


Item 


Power supply voltage 
for logic circuits 


Power supply voltage 
for LCD drive circuits 


Input voltage 1Vn 
-0.3 to Vcc + 0.3 
_2_,3 
__ 


2 
VT2 
VEE - 0.3to Vcc + 0.3 
2,4 


-Operatingtemperature 
Topr 
-20 to +75 
·C 


Storage temperature 
TSlg 
-40 to +125 


Notes: 1. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunction or 
unreliability. 
2. The reference point is GNO (0 V). 
3. Applies to pins CL, M, SHUR, 0101-0104 
(input), OISPOFF. 
4. Applies to pins V1, Vs,and Ve. 


Item 
Symbol 
Pins 


Input high voltage 
V1H 
1 


Input low voltage 
V1l 
1 


Output 
high voltage 
VQH 
2 


Output 
low voltage 
Va. 
2 


VI-Xj on resiStance 
RoN 
3 


Input leakage current 
1 
IIl1 
4 


2 
11L2 
5 


3 
IIl3 
2 


Current consumption 
(5 V) !<;ND 


lEE 


Mln 


0.7x Vcc 
o 


Vcc - 0.4 


Max 


Vcc 


0.3 x Vce 


0.4 


1.0 


1.0 


25 


5.0 


100 


250 


-1.0 


-25 


-5.0 


Pins: 
1. CL, M, SHUR, 
OISPOFF, 
0101-0104 
(input) 
2. 
0101-0104 
(input) 
3. X1-X100, V1, Vs, Va 
4. CL, M, SHUR, 
MOOE1, 
MOOE2, OISPOFF 


5. V1, Vs, Va 


Unit 
Condition 


V 


IOH '" -0.4 
mA 


IOl - 0.4 mA 


kn 
ION - 100 IJA 


IlA 
V1N•• Vcc to GNO 


V1N•• Vcc to VEE 


V1N- Vce to GNO 


fCl - 19.2 kHz 


Vec - VEE - 28 V 


fm,l'" 80 Hz 


Vee-GNO 
-5 
V 


fel - 19.2 kHz 


Vee - VEE - 28 V 


fFlM - 80 Hz 


Vcc-GND 
-3 
V 


Notes: 
1. 
Indicates 
the resistance 
between 
one pin from X1-X100 and another pin from V1, Vs, Va, and 


VEE, when load current is applied to the X pin. Defined 
under the following 
conditions: 


Vcc - VEE - 28 V 
V1, Va - Vec - {1/10 (Vcc -VEE)} 
Vs - VEE + {1/10 (Vcc -VEE)} 


V1 and Va should be near Vcc level, and Vs should be near VEE level (figure 4). All voltage 
must 


be within 6 V. 6 V is the range within which RoN, the LCD drive circuits' 
output impedance, 
is 


stable. 
Note that 6 V depends 
on power supply voltages 
Vcc - VEE (figure 5). 


2. 
Excludes 
input and output current. 
When a CMOS input is floating, 
excess current flows from the 


power supply through the input circuit. To avoid this, V1Hand V1l must be held to Vcc and GND 
levels, respectively. 


10 


VCC-VEE 
(V) 


AC Characteristics (Vcc = 1.5 to 5.5 V,GND = 0 V,and T. = -10 to +75°C, unless otherwise noted) 


Item 
Symbol 
Pins 
Mln 
Max 
Unit 


Clock cycle time 
tevc 
CL 
10 
~ 


Clock high-level 
width 
teWH 
65 
ns 


Clock low-level 
width 
teWL 
1.0 
I1S 


Clock rise time 
t, 
50 
ns 


Clock fall time 
t, 


Data setup time 
tos 
0101-0104, 
CL 
100 


Data hold time 
tDH 


Data output delay time· 
too 
7.0 
IlS 


Data output 
hold time 
toHw 
100 
ns 


Note: 
• The load circuit is shown in figure 15 is connected. 


Test point O---~ ± 30pF 


~ 
tcWL 
t,. 
teWH 
tCYC 


CL 
O.7Vcc 


O.3Vcc 


too 
tDs 
tDH 


0101-0104 
O.7Vcc 


(Input) 
O.3Vcc 


tDHW 


0101-0104 
O.75Vcc 
(output) 
O.25Vcc 


HD66106F------ 
(LCD Driver for High Voltage) 


The HD66106F LCD driver has a high duty ratio 
and many outputs for driving a large capacity dot 
matrix LCD panel. 


It includes 80 LCD drive circuits and can drive at up 
to 1/480 duty cycle. For example, only 14 drivers 
are enough to drive an LCD panel of 640 x 480 dots. 
It also easily interfaces with various LCD control· 
lers because of its internal automatic 
chip enable 
signal generator. 


Using this LSI sharply lowers the cost of an LCD 
system. 


Column and row driver 
80 LCD drive circuits 
Multiplexing duty ratios: 1/100 to 1/480 
4·bit parallel data transfer 
Internal automatic 
chip enable signal generator 
Internal standby function 
Recommended LCD controller LSIs: 
HD63645F and HD64645F (LCTC) 
Power supply: +5 V ± 10% for the internal logic, 
and 14.0 V to 37.0 V for LCD drive circuits 
Operation frequency: 
6.0 MHz (max.) 
CMOS process 


Typ No. 


HD66106FS 
Package 


l00-Pin 
Plastic QFP 
(FP-100A) 


Chip 


Power supply 


Vcc. GND: Vcc 
supplies power to the internal 
logic circuit. GND is the logic and drive ground. 


Control signals 


CLl: 
The LSI latches data at the negative edge of 


CLl when the LSI is used as a column driver. Fix 
to GND when the LSI is used as a row driver. 


VLCD: 
VLCD 
supplies power to the LCD drive cir- 


cuit. 
CL2: The LSI latches display data at the negative 
edge of CL2 when the LSI is used as a column 
driver, and shifts line select data at the negative 
edge when it is used as a row driver. 


VI, V2, V3. and V.: VI-V. supply power for driving 
LCD (figure 1). 


00-03: 
00-03 
input display data for the column 
driver (table 2). 


Table 1 
Pin Function 


Symbol 
Pin No. 
Pin Name 


Vcc 
49 
Vcc 


GNO 
37 
Ground 


V LCD 
31,36 
V LCD 


VI 
32 
lCO 
voltage 1 


V. 
33 
V. 
lCO voltage 2 


V, 
34 
V, 
lCO voltage 3 


V. 
35 
V. 
lCO voltage 4 


Cl1 
38 
Clock 1 


Cl2 
40 
Clock 2 


M 
42 
M 
0.·0, 
46-43 
Data 0 to data 3 


SHl 
39 
Shift left 


E 
47 
Enable 


CAR 
·48 
Carry 


CH1 
41 
Channell 


YI·Y,. 
30-1,100-51 
o rive outputs 
1-80 


NC 
50 
No connection 


Table 2 
Relation between Display Data and 
LCD State 


~ 


-------------~.-~~:: 


-------v. 


----------v. 


Display Data 


1 (= high level) 
o (= low level) 


LCDOutputs 


Selected level 


Nonselected level 


V I ' V .: Se\ected \e"e\ 
V" V.: Nonselected level 


SHL: SHL controls 
the shift direction of display 
data and line select data (figure 2, table 3). 


E: E inputs the enable signal when the LSI is used 
as a column 
driver (CHI = Vcd. The LSI is dis· 
abled when E is high and enabled when low. E in· 
puts scan data when the LSI is used as a row driver 
(CHI = GND). When HD66106Fs are connected in 
cascade, E connects with CAR of the preceding LSI. 


LSI is used as a column driver (CHI = Vcd. CAR 
outputs 
scan data when the LSI is used as a row 
driver (CHI = GND). When HD66106Fs are con· 
nected in cascade, CAR connects with E of the next 
LSI. 


CHI: 
CHI 
selects the driver function. 
The chip 
drives columns when CHI = Vcc, and rows when 
CHI =GND. 


Y 1.y80: 
Each Y outputs 
one of the four voltage 
levels-VI' 
V2, V 3, or V4 -according 
to the com· 
bination of M and display data (figure 3). 


SHL 


Vcc 
GND 


Shift Direction 
of Shift Register 
E 
..•1 
..• 2 
..• 3 •••••••••••••••..• 
80 
E 
..•80 
..• 79 
..• 78 •••••••••••••...• 
1 


y 1 
•...• Y2 
•...• Y, 
•••••••••••• __•••__•....•V.,O 


Vao 
....• Y." 
....• V.,. .. __ 
-......• VI 


F 


o~::::::D::D 


02 
03 


LCD Drive Circuits 


The HD66106F (figure 4) begins latching data when 
E goes low, which enables the data latching opera- 
tion. It latches 4 bits of data simultaneously 
at the 
fall of CL2 and stops automatically 
(= standby 


state) when it has latched 80 bits. 


When the LSI is used as a column 
driver, latch 


circuit 
2 functions 
as an 80-bit latch circuit. 
It 
latches 
the data sent from latch circuit 
1 at the 
fall of CLl 
and transfers its outputs 
to the LCD 


drive circuits. 


When the LSI is used as a row driver, this circuit 
functions 
as an 80-bit bidirectional 
shift register. 


The data sent from the E pin shifts at the fall of 
CL2. When SHL = Vcc, the data shifts from bit 1 
to bit 80 in order of entry _When SHL = GND, the 
data shifts from bit 80 to bit I. 


Latch circuit 1 is composed of twenty 4-bit parallel 
data latches. It latches the display data Do-D3 at 
the fall of CL2 when the LSI is used as a column 
driver. The signals sent from 
the selector 
deter- 


mine which 4-bit latch should latch the data. 


The selector is composed of a 5·bit up and down 
counter and a decoder. When the LSI is used as a 
column 
driver, it generates the latch signal to be 
sent to latch circuit I, incrementing 
the counter at 


the negative edge of CL2. 


Controller 


The controller 
operates when the LSI is used as a 


column driver. It stops data latching when twenty 
pulses 
of CL2 have been input 
(= power-down 
function) 
and 
automatically 
generates 
the 
chip 
enable signal announcing 
the start of data latching 
into the next LSI. 


When Used as a Column Driver 


The HD66106F begins latching data when E goes 
low, which enables the data latching operation. 
It 


latches 4 bits of data simultaneously 
at the fall of 


CL2 and stops automatically 
(= standby 
state) 


when it has latched 80 bits. 


Data outputs 
change at the fall of CLI. Latched 
data dl 
is transferred 
to the output 
pin Y1 and 
dao to Yao when SHL = GND. Conversely, dao is 
transferred to Y I and dl to Yao when SHL =Vcc. 
The ou tpu t level is selected out of V I-V 4 accord- 
ing to the combination 
of display data and the 
alternating 
signal M (figure 5). 


CL2 
~~------ 
2 
3 
19 
20 


D. 
~ 
d. 
X 
da 
X 
-----~ 
d" 
X 
da. 
X 


D, 
~ 
d, 
X 
d, 
X 
__=y. 
d15 
X 
d" 
X 


D, 
~ 


d, 
X 
da 
X 
---=y. 
d" 
X 
d1l 
X 


D, 
~ 
d, 
X 
d, 
X 
---~ 
d15 X 
dl1 
X 


E 
I 
__ n__ 


_______________ 
----JX~_d,_ 


_________________________ 
..Jx 
d_IO__ 


_________________ 
---'x _da_. 
_ 


_______________ 
--.JX _d,_ 


Figure 
5 
Column 
Driver 
Timing 
Chart 
HITACHI 


The HD66106F shifts the line scan data sent from 
the pin E in order at the fall of CL2. When SHL = 
Vcr;. data is shifted from Yl to Yso and Yso to Yl 
when SHL = GND. 


In both cases, the data delayed for 80 bits by the 
shift register is output 
from the CAR pin to be- 


come the line scan data for the next LSI (figure 6). 


HD66106F 


LCD Power Supply 


This section 
explains the range of power supply 
voltage 
for 
driving 
LCD. Viand 
V 3 
voltages 
should be near VLCO. and V2 and V4 should be 


near GND (figure 7). Each voltage must be within 
AV. AV determines 
the range within which RoN. 


impedance 
of driver's output, 
is stable. Note that 
AV depends on power supply voltage VLCO-GND 
(figure 8). 


2'3~ 


14 


V,to-GND (V) 


Application 
Example 


Application Diagram 


LCD panel 
640 x 400 dOIS 
1/400 duly ralio 


SHL 
CHI 
- 
HIl66I06F 
~ND 
(II 
CAR 


Vcc 
c5 


~l.;;» a a ~ & 


15 
D.-D. 
M 


•• «640 
• 
CL2 
•• <639 
:;- HIl66I06F (13) CLl 
>: 
v.v, 


~§ 1t&J~~~~~ 


15 
D.-~ 


• 
CL2 


>; 
HIl66I06F (7) CLl 
,. 
V. 
v, 
~:c 
~~~VI 
fJ)U 
IW»OVI 


D,-OJ 
M 


• 
CL2 
~ 
HIl66106F (6) CLI 


;; 
v.v, 
1t&J}~~~: 


~nv 
+W 


Notes: 
1. R, and R, depend on the LCD panel in use. When using an LCD penel with 1/20 bi_, R,II4R, 
+ 
R,) 
should be 1/20. For example, R, = 31<0 and R2 = 481<0. 


2. 
Use bypess capacitors to stebilize power supply when designing e board. It is desirable to use two 
capacitors with 
some 0.1 "F per LSI, putting 
one between VLCD end GND, end the other be- 
_n 
Vcc 
and GND. 


Figure 9 
Application Example 
HITACHI 


20 
40 
160 
Horizontal 
retrace 
period 


---------------------------~ 


CAR(LSI 7)~ 


CAR(LSI8)~ 


CAR(LSI9)~ 


CAR(LSI 10)~ 


) 
XXXX 
\ 


Latches LSI 8 data 1'-- 
-' 


Latches LSI 9 data ~I 
~ 


Latches LSI 10 data 1'-- 
...• 


Latches LSI 11 data ~I 
--' 


Latches LSI 12 data 1'-- 
--' 


, 
I, 
~3 


Symbol 


Vcr; 


VLCO 


VTl 
VT2 


Topr 


Tstg 


Rating 
Unit 


-0.3 to +7.0 
V 


-0.3 to +38 
V 


-0.3 to Vcc +0.3 
V 


-0.3 to V LCD + 0.3 
V 


-20 to +75 
·C 


-55 to +125 
·C 


Supply 
Voltage 


Logic circuits 


LCD drive circuits 


Input voltage (Logic) 


Input voltage (LCD drive) 


Operation 
temperature 


Storage temperatura 


1. Reference point is GND (= 0 VI. 
2. Applies to tha input pins for logic circuits. 
3. Applies to the input pins for LCD drive circuits. 
4. Using an LSI beyond 
its maximum 
rating may result in its permanent destruction. 
LSls should usually be used 
under electrical 
characteristics 
for 
normal operations. 
Exceeding any of these limits 
may adversely affect 
reli- 


ability. 


DC Characteristics 
(VCC = S V ± 10 %, VLCD = 14 V to 37 V. Ta = _20°C to 7SoC unless othetwise noted) 


Item 
Symbol 
Pin 
Min 
Typ 
Me. 
Unit 
Test Condition 
Notlll 


Input high voltage 
VIH 
CLl, 
CL2, M, SHL, 0.8 x Vcc- 
Vcc 
V 


Input low voltage 
VII. 
00-03, 
E, CHI 
0 
0.2 x VCC V 


Output 
high voltage 
VOH 
CAR 
VCC - 
0.4- 
V 
IOH = -0.4 
rnA 


Output 
low voltage 
VOL 
0.4 
V 
IOL = 0.4 mA 


Vi-Yj on resistance 
RON 
Yl-YSO, 
V,-V4 
3.0 
kG 
ION = 100 ",A 
4 


Input leakage current (1) IlL' 
CLl,CL2,M,SHL, 
-5.0 
5.0 
,.A 
VIN = VCC to GNO 


00-03, 
E, CHI 


Input leakage current (2) 
IIL2 
V,-V4 
-50.0 
50.0 
,.A 
VIN = VLCD to GNO 


Current consumption 
(11 ICCI 
3.0 
mA 
fCl2 = 6 MHz, 


(2) 
ILCO' 
0.5 
mA 
fCLl = 28 kHz 


(31 1ST 
0.2 
mA 
At the standby state 
2 
fCl2 = 6 MHz, 
fCLl =28 kHz 
(4) ICC2 
0.2 
mA 
fCLl = 28 kHz, 


IS) 
ILC02 
0.1 
mA 
fm = 35 Hz 
3 


Notes: 1. Input and output 
current is excluded. When the input is at the intermediate 
level in CMOS, excessive current 


flows from the power supply through the input circuit. 
V IH and V IL must be fixed at V CC and GND respectively 
to avoid it. 


2. Applies when the LSI is used as a column driver. 
3. Applies when the LSI is used as a row driver. 
4. Indicates the resistance between Y pin and V pin (one of V I, V2, V3, and V4) when it supplies loed current to 
one of y,-YSO 
pins. 


Conditions: 
VLCD - 
GNO = 37 V 


V" 
Va = VLCO - 
2/20 
(VLCD - 
GNO) 


V2' V4 = GNO + 2/20 
(VLCD - 
GNOI 


~ 


ON 
v,------o 
v,-----~o 
Y pin (Y~-Ysol 
v,-----_o 
v,-----_o. 


AC Characteristics 
(VCC = 5 V ± 10 %. VLCD = 14 V to 37 V, Ta = _20°C to +7SoC unless otherwise noted) 


Column Driver 


Item 
Symbol 
Pin 
Min 
Typ 
Max 
Unit 
Notel 


Clock cycle time 
teye 
CL2 
166 
ns 


Clock high level width 
tCWH 
CL2 
50 
ns 


Clock low level width 
tCWL 
CL2 
50 
ns 


Clock setup time 
tSCL 
CL2 
200 
ns 


Clock hold time 
tHCL 
CL2 
200 
ns 


Clock rise/fall time 
tet 
CLl, 
CL2 
30 
ns 


Data setup time 
tosu 
00-03 
30 
ns 


Data hold time 
tOH 
00-03 
30 
ns 
E setup time 
tesu 
E 
50 
ns 


Output 
delay time 
tOCAR 
CAR 
80 
ns 


M phase difference 
tCM 
M,CLl 
300 
ns 


Row Driver 


Item 
Symbol 
Pin 
Min 
Typ 


Clock low level width 
tWLl 
CL2 
5 


Clock high level width 
tWHl 
CL2 
125 


Data setup time 
tos 
E 
100 


Data hold time 
tOH 
E 
30 


Data output 
delay time 
too 
CAR 


Data output 
hold time 
tOHW 
CAR 
30 


Clock rise/fall time 
tet 
CL2 


Max 
Unit 
Notel 


/,s 


ns 


ns 


ns 


3 
/,s 


ns 


30 
ns 


Test pointO----l1 


30P 


' 


_J 


Ie". 
\~ 


VI. 


_V_IL 
_ 


In 
In 


10. 
10. 


E 
V,. 


V,L 


100 


CAR 
V,. 


tOR'" 


HD66107T------ 
(LCD Driver for High Voltage) 


The HD66107T is a multi-output, 
high duty 


ratio LCD driver used for large capacity dot 
matrix LCD panels. It consists of 160 LCD 
drive circuits with a display duty ratio up to 
1/480: the seven HD66107Tscan drive a 640 x 
480 dots LCDpanel. Moreover, the LCDdriver 
enables interfaces with various LCD control- 
lers due to a built-in automatic generator 
of 


chip enable signals. Use of the HD66107Tcan 
help reduce the cost of an LCD-panel config- 
uration, since it reduces the number of LCD 
drivers, compared with use of the HD61104 
and HD61105. 


• 
Column and row driver 
• 
160 LCD drive circuits 
• 
Multiplexing duty ratios: 1/100 to 1/480 
• 
4-bit and 8-bit parallel data transfer 
• 
Internal 
automatic 
chip 
enable 
signal 
generator 
• 
Internal standby mode 
• 
Recommended LCD controller LSIs: 
HD63645F, HD64645F, and HD64646FS 
(LCTC), 
HD66840/HD66841 
(LVIC), 


HD66850 (CLINE) 
• 
Power supply voltage 
-internal 
logic: +5 V ± 10% 
-LCD drive circuit: 14.0to 37.0 V 
• 
Operation frequency: 8.0 MHz (max.) 
• 
CMOSProcess 
• 
192-pin TCP 


Ordering Information 
Number of 
outputs 
160 
160 
160 
160 
80 
80 


Outer lead 
pitch (Jlml 
180 
180 
250 
280 
280 
280 


Type No. 
HD66107T11 
HD66107T24 
HD66107T12 
HD66107T00 
HD66107T01 
HD66107T25 


Materild of tape·2 


Kapton 


Upilex 


Kapton 
Kapton 


Kapton 


Kapton 


12 perforated 
holes 


8 perforated 
holes 


Note: 
* 1MKaptonM is a trademark 
of Dupont. 
Ltd. 


MUpilexM is a trademark 
of Ube Industries. 
Ltd. 
*2The 
details 
of TCP pattern 
are shown 
in MThe Information 
of TCpM. 


Pin Description 


Power Supply 


Vcc, GND: Vccsupplies power to the internal 
logic circuits. GND is the logic and drive 
ground. 


CLt: The LSI latches data at the negative 
edge of CL1 when the LSI is used as a column 
driver. Fix to GND when the LSI is used as a 
row driver. 
VLCD,: VLCDsupplies power to the LCD drive 
circuit. 
CL2: 
The LSI latches 
display data 
at the 
negative edge of CL2 when the LSI is used as 
a column driver, and shifts line select data at 
the negative edge when it is used as a row 
driver. 


VIL, VIR, VaL, Vaa, 
V3L, V3R, V4L, VO: 
Vi to 
V4 
supply power for driving an LCD (figure 1). 


Tablet 
Pin Function 


Symbol 
Pin No. 
Pin name 
Input/output 


Vcc 
167 
Vcc 
GNO 
161,186,187 
Ground 


VLCD 
166,192 
VLCD 
V1L, R 
191,165 
V1L, V1 R 
V2L, R 
188,162 
V2L, V2R 
V3L, R 
190,164 
V3L, V3R 
V4L, R 
189, 163 
V4L, V4R 
CL1 
183 
Clock 1 
Input 
CL2 
184 
Clock 2 
Input 
M 
182 
M 
Input 


00-07 
174-181 
OATAO-OATA7 
Input 


SHL 
172 
Shift left 
Input 
CH2 
171 
Channel 2 
Input 
BS 
173 
Bus Select 
Input 
TEST 
185 
TEST 
Input 
Y1-Y160 
1-160 
Y1-Y160 
Output 
E 
169 
Enable 
Input 
CAR 
168 
Carry 
Output 
CH1 
170 
Channel 1 
Input 


~_ 
.... ~~ 


V 1, V2: selected 
level 
V3, 
V4: nonselected 
level 


Do-D7:Do-D7input display data for the col- 
umn driver (table 2). 


SHL: SHL controls the shift direction of dis- 
play data and line select data (figure 2, table 
3). 


E: E inputs the enable signal when the LSI is 
used as a column driver (CH1 = Vcc). 


The LSI is disabled when E is high and ena- 
bled when low. E inputs scan data when the 
LSI is used as a row driver (CH1 = GND). 
When HD66107Tsare connected in cascade, 
E connects with CAR of the preceding LSI. 


CAR: CAR outputs the enable signal when 
the LSI is used as a column driver (CH1 = V 
cc). 


CAR outputs scan data when the LSI is used 
as 
a 
row 
driver 
(CH1=GND). 
When 
HD66107Ts are connected 
in cascade, 
CAR 
connects with E of the next LSI. 


CHt: CH1selects the driver function. The chip 
devices are columns when CH1 = Vcc, and 
rows when CH1 = GND. 


CH2: CH2 selects the number of output data 
bits. The number of output data bits is 160 
when CH2 = GND,and 80 when CH2 = Vcc. 


BS: BSselects the number of input data bits. 
When BS = Vcc,the chip latches 8-bits data. 
When BS = GND,the chip latches 4·bits data 
via Doto D3.Fix D4through D7to GND. 


TEST: Used for testing. Fixed to GND, other 
wise. 


Table 2 
Relation between Display data 
and LCDstate 


D•••• 
V Data 


1 (=high 
level) 
o (= low level) 


LCD Output 


V1 L, R/V2L, 
R 


Nonselected level 


LCD 


On 
Off 


Table 3 
Relation between SHLand Scan Direction of Selected Line (When LSIIs Used 
as Row Driver) 


'----v---' 
'----v---' 
1st data 
2nd data 
Lastdata 
Ulst data 
2nd data 
1st data 
r---dLcD r---dLcD 


01 
01 
~ 
~ 
ro 
ro 
When SHL~GNO 
When SHL=Vcc 


SHL 


VCC 
GND 


Shift Direction of Shift Register 
E-+ 1-+ 
2-+ 
3-+ 
4------ 
-+ 160 


E-+ 160-+ 159-+ 158-+ 157-------+1 


Scan Direction of Selected Line 
Y1-+ 
Y2-+ 
Y3-+ 
Y4- - - - - --+Y160 


Y160-+ Y159-+ Y158-+ Y157- - - - - --+Y1• 


Yl-Y160: Each Y outputs one of the four volt- 
age 
levels-Vt. V2. V3. V4-according to 
the 


combination of M and display data (figure 3). 


I 
M~ 


o 


Y output levell- Vl·I·V3 
-1-v2-1- 
V4 -I 


o 


Y outputI 
I 
I 
I 
I 
leve'" 
V2•.• 
V3• 
• Vl •.• 
V4· 


M 


E 


CHl 


SHl 


J: 
CL2 


~ 
Cll 
0J:- 
BS 


00-07 


16D-bit latch and bidirectional 
Latchcircuit 2 
shift register 


GNO 


CH2 


The LCDdrive circuits generate four levels of 
voltages-Vl,V2, V3, and V4-fordriving an LCD. 
They select and transfer one ofthe four levels 
to the output circuit according to the combi- 
nation ofM and the data in the latch circuit 2.. 


Latch circuit 2 is used as a 160-bit latch cir- 
cuit during column driving. Latch circuit 2 
latches data input from latch circuit 1 at the 
falling edge of CLl and outputs latched data 
to the drive circuits. 


In the case of row driving, latch circuit 2 is 
used as a 160-bit bidirectional shift register. 
Data input from E is shifted at the falling 
edge of CL2.When SHL = Vcc,data is shifted 
in input order from bit 1to bit 160of the shift 
register. When SHL = GND, data is shifted 
from bit 160to bit 1 of the reister. Moreover, 
this latch circuit can be used as an aO-bitshift 
register. In this case, Y41through Y120are 
enabled, while the other bits remain un- 
changed. 


Latch circuit 1 consists of twenty a-bit paral- 
lel data latch circuits. It latches 
data 
Do 
through D7at the falling edge of CL2 during 


column driving. The selector signals specify 
which a-bit circuit latches data. Moreover, 
this circuit can be usee!-as forty 4-bit parallel 
data latch circuits by switching BS,in which 
case the circuit latches data Dothrough D3. 
Moreover,this latch circuit can be used as an 
aO-bitshift register. In this case Y41through 
Y120are enabled, while the other bits remain 
unchanged. 


The selector consists of a 6-bit up and down 
counter and a decoder. During column driv- 
ing it generates a latch signal for latch circuit 
1, incrementing the counter at the falling 
edge of CL2. 


Controller 


This controller is enabled 
during 
column 
driving. It provides a power-down function 
which detects completion of data latch and 
stops LSIoperations. 


Moreover, the controller automatically gen- 
erates 
a chip enable signal (CAR) which 
starts next-stage data latching. 


The test circuit divides the external clock and 
generates test signals. 


Fundamental Operations 


Column Driving (1) 
nected with Eof the next-stage LSI,this next- 
stage LSI is activated when CAR of the pre- 
vious LSI goes low. 
. CH2 = GND (160-bit data output mode) 
. as = Vcc(a-bit data latch mode) 


The HD66107Tstarts data latch when E is at 
low level. In this case, a-bit parallel data is 
latched at the falling edge of CL2.When 160- 
bit data latch is completed, the HD66107T 
automatically stops and enters standby mode 
and CAR is goes to low level. If CAR is con- 


Data is output 
at the falling edge of CLl. 


When SHL = GND,data dl is output to pin Y1 
and dl60to Y160.On the other hand, when SHL 
= Vcc,data dl60is output to pin Y1and d1 to 
Y160.The output level is selected from among 
VI-V4according to the combination of display 
data and alternating signal M. See figure 4. 
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4-bit display data (Do-D3)is latched at the 
falling edge of CL2. Other operations 
are 
performed in the same way as described in 
"Column Driving (1)".See figure 5. 


. CH2 = GND(160-bitdata output mode) 
. BS = GND(4-bit data latch mode) 
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y; through 
Y40and Yl2lthrough 
Y160remain 
unchanged . 


When SHL = GND, data dl is output to pin 
Y41and daois output to Y120.Conversely, when 
SHL = Vee,data d&Ois output to Y41and d1 is 
output to Y120.See figure 6. 


• CH2 = Vee (SO-bitdata output mode) 
. BS = Vee (S-bit data latch mode) 


When CH2 is high (Vee),the HD66107Tcan be 
used as an SO-bitcolumn driver. In this case, 
Y41through 
Y120are enabled, 
the states 
of 
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When CH2 = Vccand BS = GND,4-bit paral- 
lel data is latched, while 80-bit data is output . 
The output of latched data is performed in 
described in "Column Driving (3)". See figure 
7. 


. CH2 = Vcc (80-bit data output mode) 
•BS = GND (4-bit data latch mode) 
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The HD66107Tshifts line scan data input 
through E at the falling edge of CL2. 


When SHL= Vcc.160-bitdata is shifted from 


Yl to Y160. whereas when SHL= GND,data is 
shifted from 
Y160 to 
Yl. 
In both cases the 
HD66107Toutputs the data delayed for 160 
bits 
by the 
shift register 
through 
CAR, 
becoming line scan data for the next IC 
driver. See figure 8. 


Line scan data input through E is shifted at 
the falling edge of CL2. When SHL = Vcc, 
data is shifted from Y41 to 
Y120. Conversely, 


when SHL = GND,data is shifted from Y120 to 


Y41. In both cases the HD66107Toutputs the 
data delayed for ao bits by the shift register 
through CAR,becoming line scan data for the 
next LSI.See figure 9. 


When CH2is high, the HD66107Tcan be used 
as an aO-bit row driver. In this case, 
Y41 to 


Y120 are enabled, while the other bits remain 
unchanged. 


controller 


FLM 


CLl 


C12 


M 


00-0, 


+37V 
:I 


~ 
Rl 
0 
Rl 
:I 
RZ 
- 
Rl 


Rl 


+5V 


OV 


CLl 


C12 


M 
~I 
0.-0, 
_ 


LCD panel 
400 x 640 dots 
1/400 
duty 
ratio 


Notes 1. R1 and R2 are specified 
depending 
on the type of LCD panel. When 
using an LCD panel with 
1/20 
bias, R1/(4R1 
+ R2) 
must be 1/20, 
Le., 
R1 = 3kO and R2 = 48kO. 


Notes 2. 
When designing 
a board, 
place capacitors 
close to each LSI in order to stabilize 
power supply. 
It is recommended 
to use 
two 
O.lIlF 
capacitors 
per LSI; one is connected 
between 
Vcc and GND, and the other between 
VLCO and GND. 


SHL. 
TEST. 
CHZ 


CH1,8S 
_ 
H066107T_ 
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Waveform Examples 


Column Driving 


Figure 11 Column Driver Timing Chart 
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Figure 12 Row Driver Timing Chart 
HITACHI 


.-.. 
Power supply voltage 
Logic circuit 


LCD drive circuit 


Symbol 
Vcc 
VLCO 
Vn 


Vr2 


Top< 


Tstg 


Rdng 
-0.3-+7.0 
-0.3-+38 
-0.3-Vcc+0.3 
-0.3-VLCO+0.3 
-20-+75 
-40-+125 


Unit 


V 


V 


V 


V 
'C 


'C 


Note 


1 


1 
1, 2 
1, 3 


Input voltage (1) 


Input voltage (2) 


Operation temperature 


Storage temperatura 


Notes:1. 
2. 
3. 
4. 


Reference 
point 
is GND (= OV). 
Applies 
to input 
pins for logic 
circuit. 


Applies 
to input 
pins for 
LCD drive circuits. 


If the 
LSI is used 
beyond 
absolute 
maximum 
ratings, 
it may 
be permanently 
damaged. 
It 
should 
always 
be used within 
the above 
electrical 
characteristics 
to prevent 
malfunction 
or 
degradation 
of the LSrs reliability. 


Electrical Characterlstics 


DC Characterlatlcs 
(Vcc= 6 V ± 10%,VLCD= 14 to 37 V, Ta = -20 to 76'C) 


Item 
Symbol 
P1na 
Min. 


Input high voltage 
VIH 
CL1, CL2, M 
0.8 
x Vcc 
SHL, BS, CH2, 


Input low voltage 
VIL 
TEST, 00-07, 
0 
E, CH1 


Output high voltage 
VOH 
CAR 
Vcc-0.4 


Output low voltage 
VOL 


Vi - Yj on resistance 
RON 
Y1-Y160, 
V1-V4 


Input leak current (1) 
IILl 
CL1, CL2, M 
-5.0 
SHL, BS, CH2, 
TEST, 00-07, 
E, CH1 
Input leak current (2) 
1112 
V1-V4 
-100 


Power dissipation (1) 
ICCl 
Power dissipation (2) 
ILCOl 
Power dissipation (3) 
1ST 


Power dissipation (4) 
ICC2 
Power dissipation (5) 
ILC02 


Mo. 


Vcc 
Unh 


V 


V 


0.4 
V 


3.0 
kO 


5.0 
itA 


100 
itA 


5.0 
mA 


2.0 
mA 


0.5 
mA 


IOH=-0.4 
mA 


IOL=0.4 mA 


ION=150 itA 
4 


Notes: 1. 
Input and output 
current 
is excluded. 
When 
an input 
is at the intermediate 
level is CMOS, 
excessive current 
flows 
from the power supply though 
the input circuit. 
To avoid it, VIH and 
VIL must be fixed to Vcc and GND respectively. 
2. 
Applies to column 
driving. 


3. 
Applies to row driving. 
4. 
Indicates the resistance between 
one pin from Y 1-Y160 
and another 
pin from 
V1-V4 
when 
load current 
is applied to the Y Pin; defined 
under the following 
conditions. 
VLco-GND=370 
V1, 
V3=VLCO- 
(2/20(VLco-GND)} 
V2, 
V4=VLCO+ 
(2/20(VLco-GND)} 
This section 
explains the range of power supply voltage for driving 
LCD. V 1 and V3 voltage 
should 
be near VLCO,and V2 and V4 should 
be near GND (figure 
13). 
Each voltage 
must be within 
AV. 
AV determines 
the range within 
which 
RoN, impedance 
of 
driver's 
output, 
is stable. 
Note thatAV 
depends on power supply voltage 
VLco-GND 
(figure 
14). 


2.3t==- 


Figure 13 Driver's Output Waveform 
and Each Level of Voltage 
Figure 14 Power Supply Voltage 
VLCD-GND 
and t:.V 


Column Driving 


1t8m 
Symbol 
Pin name 
Min. 
Max. 
Unit 
Note 


Clock cycle time 
tevc 
Cl2 
125 
ns 


Clock high-level width 
(1) 
tCWHl 
Cl2 
30 
ns 


Clock high-level width 
(2) 
tcwH2 
CL1 
60 
ns 


Clock low-level 
width 
tCWL 
Cl2 
30 
ns 


Clock setup time 
tsCL 
Cl2 
200 
ns 


Clock hold time 
tHCL 
Cl2 
200 
ns 


Clock rising/falling 
time 
tct 
CL1, Cl2 
30 
ns 
Data setup time 
tosu 
00-07 
30 
ns 


Data hold time 
tOH 
00-07 
30 
ns 
E setup time 
tesu 
E 
25 
ns 


Output delay time (1) 
tOCARl 
CAR 
70 
ns 


Output delay time (2) 
tOCAR2 
CAR 
200 
ns 


M phase difference 
teM 
M, CL1 
300 
ns 


Notes:1. 
Specified 
when 
connecting 
the load circuit 
shown 
in figure 
15. 


Test point O----l~30 pF 


HD66107T 


Row Driving 


.WIt 
Symbol 
Pin _me 
Min. 
Max. 
Unit 
Note 


Clock low-level width 
twLl 
CL2 
5 
p.S 


Clock high-level width 
twHl 
CL2 
60 
ns 


Data setup time 
tOS2 
E 
100 
ns 


Data hold time 
tOH2 
E 
30 
ns 


Data output 
delay time 
too 
CAR 
3 
p.S 


Data output 
hold time 
toHW 
CAR 
30 
ns 


Clock rising/falling 
time 
tet 
CL2 
30 
ns 


O.85XVcc 


O.15XVcc 


HD66110RT 
(Column Driver) 


The HD66110RT, the column driver for a large 
liquid crystal display (LCD) panel, features as 
many as 160 LCD outputs 
powered by 160 
internal LCD drive circuits, and a high duty cycle. 
This device 
can interface 
to various 
LCD 
controllers by using an internal automatic chip 
enable signal generator. Its strip shape enables a 
slim tape carrier package (I'CP). 


Ordering Information 


"tYpe No. 


HD66110RTA8 


HD66110RTBO 


HD66110RTB1 


HD66110TA4 


Outer lead pltch(llm) 


140 


92 


92 


80 


• 
191-pinTCP 
• 
CMOS fabricationprocess 
• 
High voltage 
- 
LCD drive: 28 to 40 V 
• 
High speed 
- 
Maximum clock speed : 
12MHz (Vcc = 4.5 to 5.5 V) 
10 MHz (Vcc= 2.7 to 5.5 V) 
• 
4- and 8-bit data bus interface 
• 
Display off function 
• 
Standby function 
• 
VariousLCD controller interfaces 
- 
LCTC series: HD63645, HD64645, 
HD64646 
- 
LVIC series: HD6684O,HD66841 
- 
CLINE: HD66850 


User Area (mm) 


10.85 


11.9 


9.0 


9.66 
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CIl 
D6 
173 
~ 
D5 
172 
II) 
D4 
171 
~ 
D3 
170 


CIl 
D2 
169 
II) 
01 
168 
@ 
DO 
167 
V1R 
166 
II) 
V3R 
165 
Vi 
VLCD2 
164 
0 
V4R 
163 
"8 
V2R 
162 


CIl 
Yl60 
161 


CIl 
B' 
CD 


~ 
°1° 
° 
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Yl59 
Yl60 


HD66110RT 


Pin Description 


Symbol 
PinHo. 
Pin Name 
Input/Output 
Classification 


Vcc 
175 
Vcc 
Power supply 


GND 
186 
GND 
Power supply 


VlCD1 
187 
VlCD1 
Input 
Power supply 


VlCD2 
164 
VlCD2 
Power supply 


V1R 
166 
V1R 
Input 
Power supply 


V2R 
162 
V2R 
Input 
Power supply 


V3R 
165 
V3R 
Input 
Power supply 


V4R 
163 
V4R 
Input 
Power supply 


V1L 
188 
V1L 
Input 
Power supply 


V2L 
191 
V2L 
Input 
Power supply 


V3L 
189 
V3L 
Input 
Power supply 


V4L 
190 
V4L 
Input 
Power supply 


CL1 
179 
Clock 1 
Input 
Control signal 


CL2 
178 
Clock 2 
Input 
Control signal 


M 
180 
M 
Input 
Control signal 


Do-~ 
167-174 
Data o-data 
7 
Input 
Control signal 


SHL 
183 
Shift left 
Input 
Control signal 


EII01, 
EII02 
177,176 
Enable 10 1, enable 10 2 
Input/output 
Control signal 


DISP 
181 
Display off 
Input 
Control signal 


BS 
184 
Bus select 
Input 
Control signal 


TEST1, 
TEST2 
182, 185 
Test 1, test 2 
Input 
Control signal 


Yl-Yl60 
1-160 
Y1-Yl60 
Output 
LCD drive output 


HD66110RT 


Power Supply 


Vcc, VLCDltVLCD2,GND: VCC-GND supplies 
power to the intemallogic circuits. VLCD- GND 
supplies power to the LCD drive circuits. 
See 
figure 1. 


VIR, VIL, V2R,V2L, 
V3R, V3L, V4R, V4L: 
Supply different levels of power to drive the LCD. 
VI and V2 are selected levels, and V3 and V4 are 
non-selected levels. 


Control Signals 


CLl: 
Inputs display data latch pulses for latch 
circuit 2. Latch circuit 2 latches display data input 
from latch circuit I, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CLI pulse. 


CL2: Inputs display data latch pulses for latch 
circuit 1. Latch circuit I latches display data input 
via Do-Do] at the falling edge of each CL2 pulse. 


M: Changes LCD drive outputs to AC. 


Do-D7: Input display data. 
High-voltage level 
(Vcc level) of data corresponds to a selected level 
and turns an LCD pixel on, and low-voltage level 
(GND level) data corresponds to a non-selected 
level and turns an LCD pixel off. 


SHL: Shifts the destinations 
of display data 
output, and determines which chip enable pin 
(EI/O I or EI/02) 
is an input and which is an 
output See figure 2. 


EIIOI, EII02: If SHL is GND level, EIIOI inputs 
the chip enable signal, and EI/02 
outputs the 
signal. 
If SHL is Vcc level, EI/Ol outputs the 
chip enable signal, and EI/02 inputs the signal. 
The chip enable input pin of the first HD66110RT 
must be grounded, 
and those 
of the other 
HD66110RTs must be connected 
to the chip 
enable output pin of the previous HD66110RT. 
The chip enable output pin of the last HD66110RT 
must be open. 


DISP: 
A low DISP sets LCD drive outputs 
y 1-Y160to V2 level. 


BS: Selects either the 4-bit or 8-bit display data 
bus interface. If BS is Vcc level, the 8-bit bus is 
selected, and if BS is GND level, the 4-bit bus is 
selected. In 4-bit bus mode, data is latched via 
Do-D3; D4-Do] must be grounded. 


TESTl, TEST2: Used to test the LSI, and must 
be connected to Vcc level. 


LCD Drive Output 


YI-YI60: Each Y outputs one of the four voltage 
levels VI, 
V2, V3, or V4, depending 
on a 
combination of the M signal and display data 
levels. See figure 3. 


VLCD 
...r:-- Vcc 
I 
GND 


EV01 : chip enable 
Input 


EI/02: 
chip enable 
output 


EV01 : chip enable 
output 


EI/02: 
chip enable 
input 


EV01 : chip enable 
Input 


EV02: 
chip enable 
output 


EI/01 : chip enable 
output 


EV02: 
chip enable 
input 


D 


Y output level 


o 
r 


1 
0 
1 
0 


~ 


The 160-bit LCD drive circuit generates four 
voltage levels VI, V2, V3, and V4, for driving an 
LCD panel. One of the four levels is output to the 
corresponding Y pin, depending on a combination 
of the M signal and the data in the latch circuit 2. 


LevelShifter 


The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 


160-bit latch circuit 2 latches data input from latch 
circuit I, and outputs the latched data to the level 
shifter, both at the falling edge of each clock 1 
(CLI) pulse. 


Latch Circuit 1 
160-bit latch circuit 1 latches 4-bit or 8-bit parallel 
data input via the Do to D7 pins at the timing 
generated by the shift register. 


The 40-bit shift register generates and outputs data 
latch signals for latch circuit 1 at the falling edge 
of each clock 2 (CL2) pulse. 


Data Shifter 


The data shifter shifts the destinations of display 
data output, when necessary. 


The test circuit divides the external clock pulses 
and generates test signals (lESTl and TESTI). 


V1R-V4l 


M 


VlCD1. 
VlCD2~ 
Vcc~ 
GN)~ 


CL1 


Item 


Common LCD drive circuits 


Column LCD drive circuits 


LCD drive voltage range 


Speed 
Vcc - 4.5 to 5.5 V 


Vcc - 2.7 to 4.5 V 


Clock hold time (tHe;d definition 


Test pin level at normal operation 


Display off function 


TCPshape 


HD66110RT 


Not provided 


160 


28 to 40 V 


12 MHz 


10 MHz 


From the falling edge of CL 1 to 
the rising edge of Cl2 (figure 1) 


Vcc 


Provided 


Can be thin 


CL1~ 
Cl2 


CL1 


Cl2 


HD66107T 


160 


160 or 80 


14to 37 V 


8 MHz 


From the falling edge of CL 1 to 
the falling edge of Cl2 
(figure 1) 


GND 


Not provided 


Cannot be thin 


Figure 5 shows 4-bit data latch timing when SHL 
= GND. that is. the EI/OI pin is a chip enable 
input and EI/02 ~a 
chip enable output When 
SHL = Vce. the EIIOI pin is a chip enable output 
and EI/02 pin is a chip enable input 


When a low chip enable signal is input via the 
EI/Ol pin. the HD66110lU is first released from 
data standby state. and. at the falling edge of the 
following CL2 pulse. it is released entirely from 
standby state and starts latching data. 


It simultaneously latches 4 bits of data at the 
falling edge of each CL2 pulse. 
When it has 
latched 156 bits of data. it sets the EI/02 signal 
low. 
When it has latched 160 bits of data. it 
automatically 
stops and enters standby state. 
initiating the next HD66110RT. as long as its 
EI/02 pin is connected to the EOOI pin of the next 
HD66110lU. 


The HD66110RTsoutput one line of data from the 
Y1-Yl60 pins at the falling edge of each CLI 
pulse. Data d1 is output from Y1• and dl60 from 
Yl60 when SHL = GND. and d1 is output from 
Yl60•and dl60 from Y1when SHL = Vcc. 


Eii52 
(No.1 


EI/02 
(No.2) 


EV02 
(No.3 


Eii52 
(No.4) 


HD66110RT 
no. 1 
latches data 


HD66110RT 
no. 2 
latches data 


HD66110RT 
no. 3 
latches data 


HD6611 ORT no. 4 
latches data 


HD66110RT 


Figure 6 shows 8-bit data latch timing when Sill. 
= GND, that is, the EIIOI pin is a chip enable 
input and EI/02 pin is a chip enable output 


When Sill. = Vce. theEVOl pin is a chip enable 
output and EI/02 pin is a chip enable input 


The operation is the same as that in 4-bit bus mode 
except 
that 
8 
bits 
of 
data 
are 
latched 
simultaneously. 
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HD66110AT no. 1 
latches data 


HD66110AT no. 2 
latches data 


HD66110AT no. 3 
latches data 


i 
HD66110AT no. 4 
I 
I 
latches data 
I 
~============================t= 
II 
I 
I 


Note: 
SHl - GND 


HD66110RT 


1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1120bias, R1 and R2 must be 3 kn and 48 kn, respectively. That 
is, R1/(4· R1 + R2) should be 1120. 


2. To stabilize the power supply, place two 0.1-I1F capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the VlCD and GND pins. 


3. The load must be less than 30 pF between the EII02 
and EII01 
connections 
of 
HD66110RTs. 


Symbol 


Vcc 


VlCO 
Vn 
VT2 


Top' 
Tslg 


Unit 


V 


V 


V 


V 


Rating 


-0.3 to +7.0 
Power supply vo~age for logic circuits 


Power supply voltage for LCD drive circuits 


Input vo~age 
1 


Input vo~age 2 


Operating 
temperature 


Storage temperature 


Notes: 
1. The reference 
point is GND (0 V). 


2. 
Indicates the voltage between 
GND and VlCO' 


3. 
Applies to input pins for logic circuits, that is, control signal pins. 


4. 
Applies to input pins for LCD drive level vo~ages, that is, V1-V4 
pins. 


5. 
Power should 
be applied to Vcc-GND 
first, and then Vlco·GND. 
It should be disconnected 
in 
the reverse order. 


-0.3 to +42 


-0.3 to Vce + 0.3 


-0.3 to VlCO + 0.3 


-20 to +75 


6. 
If the LSI is used beyond 
its absolute 
maximum 
ratings, 
it may be permanently 
damaged. 
It 
should 
always be used within its electrical 
characteristics 
in order to prevent 
malfunctioning 
or 
degradation 
of reliability. 


DC Characteristicsl 
(Vcc = 2.7 to 4.SV, VLCD - GND = 28 to 40 V, and T. = -20 
to +7SoC, 
unless 


otherwise 
noted.) 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 
Condition 
Notes 


Input high voltage 
V1H 
0.8 xVce 
Vce 
V 


Input low vo~age 
V1l 
0 
0.2 xVcc 
V 


Output 
high vo~age 
VOH 
2 
Vcc - 0.4 
V 
IoH .-0.4 
mA 


Output 
low voltage 
VOL 
2 
0.4 
V 
IoL - 0.4 mA 


Vi-Vj 
on resistance 
RoN 
3 
3.0 
kn 
IoN -150 
~ 


Input leakage current 
1 
IILl 
1 
-5.0 
5.0 
~ 
V1N - Vce to GND 


Input leakage 
current 2 
IIl2 
4 
-100 
100 
~ 
V1N - 
VlCO to GND 


Current consumption 
1 
Ice 
2.2 
mA 
fCl2• 
10 MHz 
2 
fCLl - 28 kHz 


Vss-3 OV 


Current consumption 
2 
II CD 
3.0 
mA 
Same as above 
2 


Current consumption 
3 
11iOT 
03 
mA 
Same as above 
2 3 


Pins and notes on next page. 


HD66110RT 


DC Characteristics2 
(Vcc = 5 V ± 10%, VLCD - GND = 28 to 40 V, and T. = -20 to +75°C, unless 
otherwise noted.) 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 
Condition 
Notes 


Input high voltage 
V1H 
1 
0.8 x VCC 
VCC 
V 


Input low voltage 
V1l 
1 
0 
0.2xVce 
V 


Output high voltage 
VOH 
2 
Vce-0.4 
V 
IoH- -0.4 mA 


Output low voltage 
VOl 
2 
0.4 
V 
IoL- 0.4 mA 


Vi-Yj on resistance 
RON 
3 
3.0 
kn 
IoN- 150 IlA 


Input leakage current 1 
1111 
1 
-5.0 
5.0 
IlA 
V1N- Vce to GNO 


Input leakage current 2 
1112 
4 
-100 
100 
IlA 
V1N- VlCDto GNO 


Current consumption 1 
Ice 
5.0 
mA 
fCl2 - 12 MHz 
2 
fCl1 - 28 kHz 


Current consumption 2 
IlCD 
3.0 
mA 
Same as above 
2 


Current consumption 3 
1ST 
0.7 
mA 
Same as above 
2,3 


Pins: 
1. CL1, CL2, M, SHL, es, B70f, "Elm, 
~ 
TErn,iEm, 00-07 
2. "Eli01,"EI702 


3. Y'-Y'60' 
V1-V4 


4. V1-V4 


Notes: 
1. Indicates the resistance between one 
pin from Y,-Y,60 and another pin from 
V1-V4 when load current is applied to 
the Y pin; defined under the following 
conditions. 


VlCD- GNO • 40 V 


V1, V3. 
VlCD- (1120(VlCD- GNO)} 


V2, V4. 
VlCD+ (1120(VlCD- GNO)} 


V1 and V3 should be near VlCD level, 
and V2 and V4 should be near GNO 
level (figure 7). 
All voltage must be 
within l:N 
l:.v is the range within 
which RON, the LCD drive circuits' 
output impedance, is stable. Note that 


l:;.V depends on power supply voltage 
VlCD- GNO (figure 8). 


2. Input and output current is excluded. 
When 
a CMOS 
input 
is floating, 
excess current flows from the power 
supply through the input circuit. 
To 
avoid this, V1Hand V1l must be held to 
Vce and GNO levels, respectively. 


3. Applies to standby mode. 


----- 
••. V4 


V2 
GND 


28 
40 


VLCD-GND 
(V) 


AC Characteristics 1 (Vcc = 2.7 to 4.5V, VLCD - GND = 28 to 40 V,and T. = -20 to +75°C, unless 
otherwise noted.) 


Item 
Symbol 
Pin. 
Min. 
Max. 
Unit 
Note. 


Clockcycletime 
tevc 
CL2 
100 
ns 


Clockhigh-levelwidth1 
teWH2 
CL2 
37 
ns 


Clocklow-levelwidth 
teWl2 
CL2 
37 
ns 


Clockhigh-levelwidth2 
teWHl 
CL1 
50 
ns 


Clocksetuptime 
tSCL 
CL1.CL2 
100 
ns 


Clockholdtime 
tHCL 
CL1.CL2 
100 
ns 


Clockrisetime 
tr 
CL1.CL2 
50 
ns 
2 


Clockfall time 
t, 
CL1.CL2 
50 
ns 
2 


Datasetuptime 
tDS 
00-07• CL2 
35 
ns 


Dataholdtime 
tDH 
00-07. CL2 
35 
ns 


M phasedifferencetime 
teM 
M. CL1 
300 
ns 


Notes: 1.The loadmustbe lessthan 30 pF betweenthe EIJ02andEII01 connectionsof H066110RTs. 


2. tr. t, < (lcyc-teWH2-teW1.2) 
I 2 andtr• t,:!>SOns 


AC Characteristics2 
(Vcc = 5 V ± 10%, VLCD - GND = 28 to 40 V, and T. = -20 to +75°C, unless 
otherwise noted.) 


Item 
Symbol 
Pins 
Min. 
Max. 
Unit 
Note. 


Clockcycletime 
tevc 
CL2 
83 
ns 


Clockhigh-levelwidth 1 
teWH2 
CL2 
20 
ns 


Clocklow-levelwidth 
tewL2 
CL2 
20 
ns 


Clockhigh-levelwidth2 
teWHl 
CL1 
50 
ns 


Clocksetuptime 
tSCL 
CL1. CL2 
100 
ns 


Clockholdtime 
tHCL 
CU. CL2 
100 
ns 


Clockrisetime 
tr 
CL1. CL2 
50 
ns 
2 


Clockfall time 
t, 
CL1.CL2 
50 
ns 
2 


Datasetuptime 
tDS 
00-07. CL2 
10 
ns 


Dataholdtime 
tDH 
00-07. CL2 
10 
ns 


M phasedifferencetime 
teM 
M. CL1 
300 
ns 


Notes: 1.The loadmustbe lessthan30 pF betweenthe EIJ02andEII01 connectionsof H066110RTs. 


2. tr. t, < (lcyc-teWH2-teWl2) 
I 2 andtr• t,:!>SOns 


o.avec 
O.2Vec 


o.avec 


O.2Vec 


HD66115T------ 
(160-Channel 
Common Driver Packaged 
in a Slim Tape Carrier Package) - Preliminary - 


The HD66115T 
is a common 
driver for large dot 
matrix liquid crystal graphics 
displays. 
It features 


160 channels which can be divided into two groups 
of SO channels by selecting data input/output 
pins. 
The driver is powered by about 3 V, making it suit- 
able for the design 
of portable 
equipment 
which 
fully utilizes 
the low power 
dissipation 
of liquid 
crystal 
elements. 
The HD66115T, 
packaged 
in a 
slim 
tape carrier 
package 
(slim-TCP). 
makes 
it 
possible to reduce the size of the user area (wiring 
area). 


• 
Duty cycle: About 1/100 to 1/4S0 
• 
160 LCD drive circuits 
• 
High LCD driving voltage: 14 V to 40 V 


• 
Output division function (2 x SO-Channel 
outputs) 
• 
Display off function 
• 
Operating voltage: 2.5 V to 5.5 V 
• 
Slim-TCP 
• 
Low output impedance: 0.5 ill (typ) 


Ordering Information 


Type No. 


HD66115TAO 


HD66115TA1 


Outer Lead Pitch (J.lI11) 


180 


250 
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HD66115T 


Pin Descriptions 


Symbol 
Pin No. 
Pin Name 
Input/Output 
Classification 


VLco1,2 
177, 163 
VLCO 
Power supply 


Vcc 
166 
Vcc 
Powersuppty 


GN01,2 
176,170 
GNO 
Power supply 


V1L, V1R 
165,178 
V1L, V1R 
Input 
Power supply 


V2L, V2R 
161.181 
V2L, V2R 
Input 
Power supply 


VsL, VsR 
162.180 
VsL. VsR 
Input 
Power supply 


VsL, VsR 
164, 179 
VsL. VsR 
Input 
Power supply 


CL 
171 
Clock 
Input 
Control signal 


M 
172 
M 
Input 
Control signal 


CH 
175 
CH 
Input 
Control signal 


SHL 
174 
Shift left 
Input 
Control signal 


0101 
169 
Data 
Input/output 
Control signal 


0102 
167 
Data 
Input/output 
Control signal 


01 
168 
Data 
Input 
Control signal 


Oispoff 
173 
Display off 
Input 
Control signal 


X1-X160 
1-160 
X1-X160 
Output 
LCD drive output 


Power Supply 


Vcc, GND: Supply power to the internal logic 
circuits. 


VLCD' GND: Supply power to the LCD drive cir- 
cuits (figure 1). 


VIL, VIR, V2L, V2R, VsL, VSR, V6L, V6R: 
Supply different power levels to drive the LCD. VI 
and V2 are selected levels. and Vs and V6 are non- 
selected levels. 


Control Signals 


CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse. the 
shift register shifts data input via the 010 pins. 


M: Changes the LCD drive outputs to AC. 


CH: Selects the data shift mode. (CH = high: 2 x 
80-0utput mode, CH = low: 160-outputmode) 


SHL: Selects the data shift direction for the shift 
register and the common signal scan direction 
(figure 2). 


DlOl, DI02: Input or output data. 0101 is input 
and 0102 is output when SHL is high. 0101 is 
output and 0102 is input when SHL is low. 


01: Input data. 01 is input to X81-Xl60 when CH 
and SHL are high, and to X81-X1 when SHL is 
low. 


Disporr: Controls LCD output level. A low Dispoff 
sets the LCD drive outputs X1-Xl60 
to the V2 
level. A high Dispoff is normally used. 


XI-X160: 
Each X outputs one of four voltage 
levels VI. V2• Vs, or V6• depending on the combi- 
nation of the M signal and the data level (figure 3). 


SHL 
Data shift direction 


High 
Shift to right 


0101 --+ SR1 --+ SR2 --+ SR3 ••• 
--+ SR160 --+ 0102 


Low 
Shift to left 


0102 --+ SR160 --+ SR159 ••• 
--+ SR1 --+ 0101 


X output level 
~ 


Vcc 
GND1,2 


VLC01,2 


V1R, V2R, 
VsR,VeR 


M 


Dispoff 


CL 


The 
160-bit 
LCD 
drive 
circuit 
generates 
four 
voltage levels VI. V2. Vs. and V6. which drive the 
LCD panel. One of these four levels is output to 
the corresponding 
X pin. depending 
on the combi- 
nation 
of the M signal and the data in the shift 
register. 


The 
level 
shifter 
changes 
logic 
control 
signals 
(2.5 V-55 
V) into high-voltage 
signals 
for the 
LCD drive circuit. 


Shift Register 


The 160-bit shift register 
shifts the data input via 
the 010 pin by one bit at a time. The one bit of 
shifted-out 
data is output from the 010 pin to the 
next driver IC. Both actions occur simultaneously 
at the falling edge of each shift clock (CL) pulse. 
The SHL pin selects the data shift direction. 


Symbol 
Vcc 


VLCO 


VT1 
VT2 


VT3 


Rating 


-0.3 to +7.0 


-0.3 to +42 


-0.3 to Vcc + 0.3 


-0.3 to VLCO+ 0.3 


-0.3 to +7.0 


-20 to +75 


Power supply voltage 
for logic circuits 


Power supply voltage for LCD drive circuits 


Input voltage 
1 


Input voltage 2 


Input voltage 
3 


Operating 
temperature 


Storage temperature 


Notes: 
1. 
The reference 
point is GNO (0 V). 


2. 
Applies 
to pins CL, M, SHL, 01, Oispoff, and CH. 
3. 
Applies 
to pins V1 and V6. 
4. 
Applies 
to pins V2 and Vs. 
5. 
Power should be applied to Vcc-GNO 
first, and then VLco-GNO. 
It should be disconnected 
in 
the reverse order. 


6. 
If the LSI is used beyond 
its absolute 
maximum 
ratings, 
it may be permanently 
damaged. 
It should always be used within its specified 
operating 
range in order to prevent 
malfunctions 
or 


loss of reliability. 


HD66115T 


Electrical Characteristics 


DC Characteristics 
(Vcc = 2.5 V to 5.5 V, GND = 0 V, and T a = _20°C to +75°C, unless otherwise stated) 


Item 
Symbol 
Pins 
Min. 
Typ. 
Max. 
Unit 
Test COndition 
Notes 


Input high 
V1H 
1 
0.8 xVCC 
VCC 
V 
voltage 


Input low 
V1L 
0 
0.2 x VCC V 
voltage 


Output 
high 
VOH 
2 
Vcc-0.4 
V 
IOH.-o.4mA 
voltage 


Output 
low 
VOL 
2 
0.4 
V 
IOL. 
0.4 mA 
voltage 


Vi-Xj 
on 
RON 
3 
0.5 
1.0 
kn 
ION. 
150 j.lA 
resistance 


Input leakage 
IIL1 
1 . 
-5 
5 
j.lA 
V1N• VCC to GND 
current 
1 


Input leakage 
IIL2 
4 
-25 
25 
j.lA 
V1N• VLCOto GND 
current 2 


Current 
IGND 
T.B.D 
j.lA 
2 
consumption 
1 


Current 
ILCD 
T.B.D 
j.lA 


consumption 
2 


Current 
IGND 
T.B.D 
j.lA 
2 
consumption 
3 


Current 
ILCD 
T.B.D 
j.lA 


consumption 
4 


Note: 
Pins: 
1. CL, M, SHL, CH, DI, 0101, 
0102, Dispoff 
2. 0101, 
0102 
3. X1-X160, 
V 
4. V1, V2, Vs, V6 


Notes: 
1. Indicates the resistance between one of the pins X1-X160 and one of the voltage supply pins 
V" V2, Vs• or V6• when load current is applied to the X pin; defined under the following 
conditions: 


Vlco-GND 
- 40 V 
V" V6 - Vcc - {1120 (Vlco-GND)} 
Vs, V2 - GND + {1120 (Vlco-GND)} 


All voltages must be within tN, VlCO ~ V, ~ V6 ~ VlCO - 7.0 V, and 7.0 V ~ Vs ~ V2 ~ GND. 
Note that t.V depends on the power supply voltage Vlco-GND 
(figure 5). 


2. 
Input and output currents are excluded. When a CMOS input is left floating, excess current flows 
from the power supply through the input circuit. To avoid this, V1Hand V1l must be held at Vcc 
and GND, respectively. 


VlCO 
----------- 
V, 


------- 
V6 


-------------------- 
Vs 


------------------------ 
V2 
GND 


14 


V lco-GND 
(V) 


HD66115T 


AC Cbaracteristics 
(Vcc = 2.S V to S.S V, GND = 0 V, and T a = -20°C to +7SoC, unless otberwise 
stated) 


Item 
Symbol 
Pins 
Mln 
Max 
Unit 
Notes 


Clock cycle time 
tevc 
CL 
400 
ns 


Clock high-level 
width 
teWH 
CL 
30 
ns 


Clock low-level 
width 
teWL 
CL 
370 
ns 


Clock rise time 
tf 
CL 
30 
ns 


Clock fall time 
tf 
CL 
30 
ns 


Oata setup time 
tos 
01, 0101, 0102, CL 
100 
ns 


Oata hold time 
tOH 
01, 0101, 0102, CL 
30 
ns 


Oata output delay time 
too 
0101, 0102, CL 
350 
ns 


M phase difference 
tM 
M,CL 
-300 
300 
ns 


Output 
delay time 1 
tpdl 
X(n), 
CL 
1.2 
~ 
2 


Output delay time 2 
tpd2 
X(n),M 
1.2 
~ 
2 


AC Cbaracteristics 
(Vcc = S.OV ± 10%, GND = 0 V, and Ta = -20°C to +7SoC, unless otberwise 
stated) 


Item 
Symbol 
Pins 
Mln 
Max 
Unit 
Notes 


Clock cycle time 
tcvc 
CL 
400 
ns 


Clock high-level 
width 
teWH 
CL 
30 
ns 


Clock low-level 
width 
teWL 
CL 
370 
ns 


Clock rise time 
tf 
CL 
30 
ns 


Clock fall time 
tf 
CL 
30 
ns 


Oata setup time 
tos 
01, 0101, 0102, CL 
100 
ns 


Oata hold time 
tOH 
01, 0101, 0102, CL 
30 
ns 


Oata output delay time 
too 
0101, 0102, CL 
90 
ns 


M phase difference 
tM 
M,CL 
-300 
300 
ns 


Output delay time 1 
tpd1 
X (n), CL 
0.7 
~ 
2 


Output delay time 2 
tpd2 
X(n),M 
0.7 
~ 
2 


Note: 
1, 2 
The load circuit shown in figure 6 is connected. 


Test point 0-----1. 
*1: 30 pF 
;;J; 
*2: 100 pF 


0101,01021 
01 


(input) 


0.8 x Vee 


0.2x Vee 


0101, 0102 


(output) 


HD66115T 


~ fi o~a 
.••.•.••.• C\I..... 
U) C') 
S 
x ~ X~···X~ 
~ 
0 
o 
0 
8- 
o 
0 
0 
- 
- 
- 
0 


Figures 8 and 9 show examples of how HD66115Ts 
can be configured 
to drive a 480-line 
LCD panel 


with a 1/240 duty cycle. Figures 
10 and 11 show 
examples of how HD66115Ts can be configured to 
drive 
a 480-line 
LCD 
panel 
wilh 
a 1/480 duty 


cycle. The HD66115Ts 
160 channels can be divid- 


ed into two groups of 80 channels, and its data shift 
direction can be changed by selecting the data out- 
put 
mode 
pin 
(CH) 
and 
data 
shift 
pin 
(SHL), 


respectively. 


LCD panel 


DATA 
---+- 0101 
X1 -. 
Line 1 
(Data of lines 1 to 240) l 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


IC1 
I 
I 
I 
I 


(SHL • high, CH = low) 
I 
I 
I 
I 
I 
I 
I 
: 
II 
I 
I 
I 
0102 
X160 -. 
Line 160 


+ 
0101 
X1 -. 
Line 161 


IC2 
-'i 


II 


(SHL - high, CH • low) 
I 
I 


DATA 
---+- 01 
X80 -. 
Line 240 
.................................................................... 


(Data of lines 241 to 480) -.xr -. 
Line 241 


III 
I 
I 


+ 


0102 
X160 -. 
Line 320 


0101 
X1 -. 
Line 321 
l 


I 
I 
I 
I 
: 
II 
IC3 
I 
I 
I 
I 
I 
I 


(SHL - high, CH • low) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
0102 
X160 -. 
Line 480 
i 
--------- ------ --- --- --- ------ i 


I 
Segment 
driver 
I 


HD66115T 


DI01 
X1 
~ 


(SHL = \~;, 
CH = high) 
~! 


DATA -+ 
DI 
X80 
~ 
~!~~.?~~ 
. 


(Data of lines 1 to 240) 
~ 
xr ~ 
Line 241 


I 
DI02 
X160 
~ 


IC1 
(SHL - low, CH - low) 


DI01 
X1 ~ 


III 
IIJI 


DI02 
X160 
~ 


I 
II 
I 


IC3 
J,l:::' 
(SHL = low, CH = low) 


DATA -+ 
DI02 
X160 
~ 
(Data of lines 241 to 480) 
Lin 
480 
i ------------------------------ 
i 


LCD panel 


DATA 
--. 
0101 
X1 ~ 
Line 1 
(Data of lines 1 to 480) II 
IC1 
(SHL - high, CH - low) 
I: 
I 
II 


~ 


0102 
X160 
~ 
Line 160 


0101 
X1 
Line 161 
~ 
IC2 
II 


(SHL - high. CH - low) 


II 
III 


~ 


0102 
X160 
~ 
Line 320 


0101 
X1 ~ 
Line 321 


IC3 
II 
(SHL - high. CH - low) 
III 
II 


0102 
X160 
~ 
Line 480 
i 
------------------------------ 
i 


Segment 
driver 


HD66115T 


LCD panel 


0101 
Xl 
~ 
Line 1 
,: 
I 
I 


ICl 
JI 


(SHL = low, CH = low) 


0102 
X160 
~ 
Line 160 
t 
0101 
Xl 
Line 161 
~ 
I 
IC2 
II 
(SHL = low, CH = low) 
I 
II 
J 


I 
II 
I 
II 
I 
! 
t 


0102 
X160 
~ 
Line 320 


0101 
Xl 
~ 
Line 321 
I 
IIII 
IC3 
JI 


(SHL = low, CH = low) 


DATA 
-. 
0102 
X160 
~ 
Line 480 
(Data of lines 1 to 480) 
i 
------------------------------ 
i 


I 
Segment 
driver 


HD61602/HD61603 
(Segment Type LCD Driver) 


Descrlpition 


The HD61602 and the HD61603 are liquid 
crystal display driver LSIs with a TTL and 
CMOScompatible interface. Each of the LSIs 
can be connected to various microprocessors 
such as the HMCS6800series. 


The HD61602incorporates the power supply 
circuit for the liquid crystal display driver. 
Using the software-controlled liquid crystal 
driving method, several types of liquid crys- 
tals 
can 
be 
connected 
according 
to 
the 
applications. 


The HD61603is a liquid crystal display driver 
LSIonly for static drive and has 64 segment 
outputs that can display 8 digits per chip. 


Versatile segment driving capacity 


Display 
Segments 


51 
102 
153 
204 
64 


Type No. 
HD61602 


Driving Method 


Static 
1/2 bias 
1/3 bias 


• 
Wide-range operating voltage 
-Operates 
in a wide range 
of supply 
voltage: 2.2 V to 5.5 V 


-Compatible 
with TTLinterface at 4.5 V 
to 5.5 V 
• 
Low current consumption 
-Can 
run from a battery power supply 
(100 J-lA max. at 5 V) 
-Standby 
input enables standby opera- 
tion at lower current consumption (5 
J-lA max. on 5 V) 
• 
Internal power supply circuit for liquid 
crystal display driver (HD61602) 
-Internal 
power supply circuit for liquid 
crystal 
display driver 
facilitates 
the 
connection to a microprocessor system 


mme 
FnIlI. (Hz) 
atf_ 
= 100kHz 


33 
65 
208 
223 
33 


1/2 duty 
1/3 duty 
1/4 duty 


Example of U•• 


8 segments x 6 digits + 3 marks 
8 segments x 12 digits + 6 marks 
9 segments x 17 digits 
8 segments x 25 digits + 4 marks 
8 segments x 8 digits 


Pack8ge 
8o-pin 
Plastic 
OFP 
FP-80 
(FP-80A) 
TFP-80 
80-pin 
Plastic 
OFP 
(FP-80) 


Type No. 
HD61602R 
HD61602RH 
HD61603R 


PacIuIge 


8o-pin plastic OFP(FP-80) 
80-pin plastic OFP(FP-80A) 
80-pin plastic OFP(FP-80l 


HD61602/HD61603 


Voo 
REA@i 


~ 
S8 
0, 
D. 
D. 
D. 
V•• 
D. 
0, 
0, 
D. 
V"IF1 
V"!f2 
VC2 
VC, 
V, 
V, 
V3 
COM. 
COM, 


a~~~~~~~~;::~::;I: 
.. 
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eo 


51 
51 
".. 


51 
54 
12 
13 


1J 
12 
.. 


" 
eo 
.. 
.. 
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.. 
""u 
" 
24 
.•, 
==~==a;;RR~=a~==11 


SEG13 
SEG,. 
SEG •• 
SEG •• 
SEG17 
SEG •• 
SEG •• 
SEG20 
SEG" 
SEG" 
SEG., 
SEG,. 
SEG" 
SEG" 
SEG" 
SEG •• 
SEG" 
SEG30 
SEG31 
SEG" 
SEG" 
SEG,. 
SEG" 
SEG •• 


>- 
0 _ •••f') 
of 
~8~~~ffiffi§§sssffiffiffiffiffiffiffis 
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SEG16 
SEGUI 
SEG17 
SEG,I 
seG,. 


SEG20 
SEG21 


SEG22 
SEG23 


SEGZ4 


SEG21l 
SEGle 
SEGn 
SEGn 
SEGu 


SEG30 
SEG31 
SEGu 
SEG33 
SEG,.. 
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LCD driving 
t,mon"g 
generator 
Common 
output 
.cs... 
rf 
RAM write 
timing generator 


00-03 
Parallel!aer\lll 
converter 
Segment 
output 
(64Iin88) 
58 
Address 
decoder 
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Item 
Symbol 
Umit 
Unit 


Power supply voltage * 
Voo. v,. V2. V3 
0.3 to + 7.0 
V 


Terminal voltage * 
Vr 
0.3 to Voo - 
0.3 
V 


Operating temperature 
Topr 
-20 
to +75 
'C 


Storage temperature 
Tstg 
-55 
to +125 
'C 
* Value referenced 
to Vss = 0 V. 
Note: 
If LSls are used above absolute 
maximum 
ratings. 
they 
may be permanently 
destroyed. 
Using 
them within 
electrical 
characteristics 
limits is strongly 
recommended 
for normal 
operation. 
Use 
beyond 
these conditions 
will cause malfunction 
and poor reliability. 


limit 


Item 
Symbol 
Mln 
Typ 
Max 


Power supply voltage 
Voo 
2.2 
5.5 


V" 
V2. V3 
0 
Voo 


Terminal voltage * 
Vr 
0 
Voo 


Operating temperature 
Topr 
-20 
75 
* Value referenced 
to Vss = 0 V. 


Electrical Characteristics 


DC Characteristics (1) 


(Vss = 0 V, VDD = 4.5 to 5.5 V, Ta = -20 to +75·C, unless otherwise noted) 


Limit 
Item 
Symbol 
Min 
Typ 
Max 
Unit 


Input high voltage 
OSC, 
VIHl 
0.8Voo - 
Voo 
V 


Others 
VIH2 
2.0 
Voo 
V 


Input low voltage 
OSC, 
VIL' 
0 
0.2Voo 
V 


Others 
VIL2 
0 
0.8 
V 


Output leakage 
READY 
IOH 
5 
J.lA 
current 


Output low 
READY 
VOL 
0.4 
V 
voltage 


Input leakage 
Input 
IlL! 
-1.0 
1.0 
J.lA 
current 
terminal 


.1 
-20 
20 
J.lA 
V, 
11L2 


V2, Va 
IILa 
-5.0 
5.0 
J.lA 


lCD driver voltage 
COMo-COMa 
Vd' 
0.3 
V 
drop 


SEGo-SEG50 
Vd2 
0.6 
V 


Power supply current 
100 
100 
J.lA 


100 
5 
J.lA 


Internal driving 
V" 
V2, Va 
VrR 
0.4 
V 
voltage drop 


* 
Except the transfer 
operation 
of display 
data and bit data. 


*1 
V" 
V2: apply 
only to HD61602. 


±Id = 3 J.lA for each 
COM, Va = Voo-3 
V 


±Id 
= 3 J.lAfor each 
SEG, Va = Voo-3 
V 


During display· 
Rose = 360 kO 


At standby 


VREF2= Voo-l 
V, 


C,-C4 
= 0.3 J.lF, 


Rl = 3 MO 
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DC Characteristics (2) 


(Va = 0 V, VDD = 2.2 to 3.8 V, Ta = -20 to +7S'C, unless otherwise noted) 


Limit 
Item 
Symbol 
Min 
Typ 
Max 
Unit 
Ten Condition 


Input high voltage 
VIH 
0.8Voo - 
Voo 
V 


Input low voltage 
VIL 
0 
0.1Voo 
V 


Output leakage 
READY 
IOH 
5 
J.lA 
VIN = Voo 
current 


Output low 
READY 
VOL 
0.1Voo 
V 
IOL= 0.04 
mA 
voltage 


Input leakage 
Input 
IILl 
-1.0 
0 
1.0 
J.lA 
VIN = O-Voo 
current 
terminal 
.1 
-20 
20 
J.lA 
V, 
11L2 
VIN = 0-V3 


V2. V3 
11L3 
-5.0 
5.0 
J.lA 


LCD driver voltage 
COMo-COM3 
Vd' 
0.3 
V 
±Id = 3 J.lAfor each 
drop 
COM, V3 = Voo-3 
V 


SEGo-SEG50 
Vd2 
0.6 
V 
±Id = 3 J.lAfor each 
SEG. V3 = Voo-3 
V 


Power supply current 
Iss 
50 
J.lA 
During display· 
Rose = 330 kO 


Iss 
5 
J.lA 
At standby 


Internal driving 
V,. V2, V3 
VrR 
0.4 
V 
VREF2= Voo-1 
V, 


voltage drop 
C, -C4 = 0.3 J.lF 
RL = 3 MO. 
Voo = 3-3.8 
V 
• 
Except the transfer 
operation 
of display 
data and bit data . 
• 1 
V" 
V2: apply 
only to HD61602 
. 


AC Characteristics (1) 


(Vss = 0 V, VDD = 4.5 to 5.5 V, Ta = -20 to+75'C, unless otherwise noted) 


Limit 
Item 
Symbol 
Min 
Typ 
Max 
Unit 
Test Condition 


Oscillation frequency 
OSC2 
fosc 
70 
100 
130 
kHz 
Rosc=360 kO 


External clock 
OSC, 
fosc 
70 
100 
130 
kHz 


frequency 


External clock duty 
OSC, 
Duty 
40 
50 
60 
% 


I/O signal timing 
ts 
400 
ns 


tH 
10 
ns 


twH 
300 
ns 


twL 
400 
ns 


twR 
400 
ns 


tOL 
1.0 
JlS 
Figure 5 


teN 
400 
ns 


toP, 
9.5 
10.5 
Clock 
For display 
data transfer 


toP2 
2.5 
3.5 
Clock 
For bit and mode 
data transfer 


Input signal rise time and fall time 
t,., tf 
25 
ns 


AC Characteristics (2) 


(Vss = 0 V, VDD = 2.2 to 3.8 V, Ta = -20 to+75'C, unless otherwise noted) 


Item 


Oscillation frequency 


External clock 
frequency 
Extemal clock duty 


I/O signal timing 


(Voo = 3.0-3.8 VI 


Limit 
Typ 
100 


100 


Test Condition 


Rosc=330 kO 


Symbol 
Min 
fosc 
70 


fosc 
70 


Max 
130 


130 


Unit 


kHz 


kHz 


OSC2 


OSC, 


Duty 
40 
50 


ts 
1.5 


tH 
1.0 


twH 
1.5 


twL 
1.5 


tOL 


twR 
1.5 


teN 
2.0 


top, 
9.5 


tOP2 
2.5 


t,., tf 


JlS 


JlS 


JlS 


JlS 


Jls 


Jls 


JlS 
10.5 
Clock 
For display 
data transfer 


3.5 
Clock 
For bit and mode 
data transfer 


Write Timing 
(RE is fixed at high level, 
and SYNC at low level) 


Reset/Read 
Timing 
(CS and SYNC are fixed at low level) 


Figure 
3 
READY Timing 
(When the READY output 
lB always 
available) 
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'£ADY t:. F=-=-~~~-~~--W-ith-in-l~ 


_ 
~1CIOCk 


SYNC 
v,~IH\"_:H 
_ 


Measurement 
terminal 
(READY) 


Measurement 
terminal 
0---+ 
(READY) 


Figure 
5 
BUB Timing 
Load Circuit 
(LS-TTL Load) 
Figure 
6 
BUB Timing 
Load Circuit 
(CMOS Load) 
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Terminal Functions 


HD61602 Terminal Functions 


T-.ninel 
No. of 
Connected 
Name 
Lme. 
Input/Output 
to 
Function 


Voo 
Power supply 
Positive power supply. 


READY 
NMOS open 
MCU 
While data is being set in the display data RAM and 
drain output 
mode setting latch in the LSIafter data transfer, low 
is output from the READY terminal to inhibit the 
next data input. 
There are two modes: one in which low is output 
only when both of CS and REare low, and the other 
in which low is output regardless of CS and RE. 


CS 
Input 
MCU 
Chip select input. Data can be written only when 
this terminal is low. 


WE 
Input 
MCU 
Write enable input. Input data of DO to 07 is lat- 
ched at the rising edge of WE. 


RE 
Input 
MCU 
Resets the input data byte counter. After both CS 
and RE are low, the first data is recognized as the 
1st byte data. 


S8 
Input 
MCU 
High level input stops LSI operations. 
1. 
Stops oscillation and clock input. 
2. 
Stops LCD driver. 


3. 
Stops writing data into display RAM. 


00-07 
a 
Input 
MCU 
Data input terminal for a-bit 
x 2-byte data. 


Vss 
Power supply 
Negative power supply. 


VREFl 
Output 
External 
Reference voltage output. 
Generates LCD driving 
R 
voltage. 


VREF2 
Input 
External 
Divides the reference voltage of VREFlwith external 
R 
R to determine LCD driving voltage. VREF2•• Vl. 


VC1,VC2 
2 
Output 
External 
Connection terminals for boosting C of LCD driving 
C 
voltage 
generator. 
An 
external C is connected 
between VCl and VC2. 


Vl, V2, V3 
3 
Output 
External 
LCD driving voltage outputs. An external C is con- 
(Input) 
C 
nected to each terminal. 


COMo-COM3 
4 
Output 
LCD 
LCD common (backplate) driving output. 


SEGo-SEG50 
51 
Output 
LCD 
LCD segment driving output. 


SYNC 
Input 
MCU 
Synchronous input for 2 or more chips applica- 
tions. 
LCD driver timing circuit 
is reset by high 
input. LCD is off. 


OSCl 
2 
Input 
External 
Attach external R to these terminals for oscillation. 


OSC2 
Output 
R 
An external clock (100kHz) 
can be input to OSC1. 


HD61603 Terminal 
Functions 


Terminal 
No. of 
Neme 
U.,.. 
Input/Output 
Connected 
to 
Function 


NMOS open 
drain output 
While data is being set in the display data RAM and 
mode setting latch in the LSI after data transfer, low 
is output from the READY terminal to inhibit the 
next data input. 
There are two modes: one in which low is output 
only when both of CSand REare low, and the other 
in which low is output regardless of CS and RE. 


Chip select input. Data can be written only when 
this terminal is low. 


Write enable input. Input data of Doto 03 is latched 
at the rising edge of WE. 


Resetthe input data byte counter. After both of CS 
and RE are low, the first data is recognized as the 
1st byte data. 


High level input stops the LSI operations. 


1. 
Stops oscillation and clock input. 


2. 
Stops LCD driver. 


3. 
Stops writing data into display RAM. 


00-03 
4 
Input 


Vss 
Power supply 


V3 
Input 


COMo 
Output 


SEGo-SEG63 
64 
Output 


SYNC 
Input 


MCU 
Data input terminal from where 4-bit x 4 data are 
input. 


Power 
supply 
Power supply input for LCD drive. Voltage between 
Voo and V3 is used as driving voltage. 


Synchronous input for 2 or more chips applica- 
tions. 
LCD driver timing circuit 
is reset by high 
input. LCD is off. 


ose, 
OSC2 
Input 
Output 
Attach external R to these terminals for oscillation. 
An external clock (100kHz) 
can be input to OSC, . 


External 
R 


Display RAM 


8061602 Display RAM 
driving timing to display on the LCD.One bit 
of the RAMcorresponds to 1 segment of the 
LCD.Note that some bits of the RAMcannot 
be 
displayed 
depending 
on LCD driving 
mode. 


The HD61602 has an internal display RAM 
shown in figure 7. Display data is stored in 
the RAM, or is read according to the LCD 


Common address 
(COMo-COM3) 
I~{I__ 
- 


-:: 
. 
Display RAM 


• 
51 bits 


Segment address (SEGo-SEGso) 


Reading Data from Display RAM: A dis- 
play RAMsegment address corresponds to a 
segment 
output. 
The 
data 
at 
segment 
address SEGn is output to segment 
output 
SEGn terminal. 


A common address corresponds to the output 
timing of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 


.. .. 
Cl 
Cl 
w 
w 
Vl 
Vl 
e5 cffJJJ 
w 
wwww 
Vl 
Vl Vl Vl Vl 
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is reproduced on the LCD panel. 
When a 7-segment type LCD driver is con- 
nected, 
for example, 
the 
correspondence 
between 
the display RAM and the display 
pattern in each mode is as follows: 


1. 
Static drive 
In the static drive, only the column of 
COMo of display RAM is output. COMl to 
COMa are not displ.ayed. 


LCD connection 
a 


COMo and COMl of display RAM are out- 
put in time sharing. The columns of COM2 
and COMa are not displayed. 


~ 
tE' 
w 
w 
Vl 
Vl 


In the 1/3 duty cycle drive, the columns of 
COMo to COM2 are output in time sharing. 
No column of COMa is displayed. 


"Y"cannot be rewritten 
by display data 
(input on an 8-segment basis). Please use 
bit manipulation to turn on/off'the 
dis- 
play of "Y". 
• 


HD61602/HD61603 


Display 
RAM 


COMa 


COM, 
y 
a 
b 


COM, 
9 
c 


COMo 
e 
d 
DP 


SEGa 
SEG4 
SEG6 
SEG6 


In the 1/4 duty cycle drive, all the col- 
umns of COMo to COMa are displayed. 


COMa 
f 
a 


COM, 
9 
b 


COM, 
e 
c 


COMo 
d 
DP 


Writing Data into Display RAM:Data is 
written into the display RAMin the following 
five methods: 
1. 
Bit manipulation 
Data is written into any bit of RAMon a 
bit basis. 


2. 
Static display mode 
a-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 


3. 
1/2 duty cycle display mode 
a-bit data is written 
on a digit basis 
according to the 7-segment type LCD 
pattern of 1/2 duty cycle drive. 


4. 
1/3 duty cycle display mode 
a-bit data is written 
on a digit basis 
according to the 7-segment type LCD 
pattern of 1/3 duty cycle drive. 
5. 
1/4 duty cycle display mode 


HD61602/HD61603 


a-bit data is written 
on a digit basis 
according to the 7-segment type LCD 
pattern of 1/4 duty cycle drive. 


The RAMarea and the alocation of the seg- 
ment data for 1-digit display depend on the 
driving methods as described in "Reading 
Data from DisplayRAM". 


a-bit data is written on a digit basis corre- 
sponding to the above duty cycle driving 
methods. The digits are allocated as shown 
figure a (allocationof digits). As the data can 
be transferred on a digit basis from a micro- 
processor, transfer efficiency is improved by 
allocating the LCDpattern according to the 
allocation of each bit data of the digit in the 
data RAM. 
Figure a shows the digit address (displayed 


(2) 
1/2 duty cycle 
display 


COMoCOM,COM2 
COMoCOM,COM2 


SEGo 
SEGo 
SEG, 
SEG, 


SEG2 
SEG2 


SEG3 
SEG3 


SEG. 
SEG. 


SEGs 
SEGs 


SEGe 
SEGe 


SEG7 
SEG7 


SEGs 
SEGs 


SEGg 
SEGg 


SEGlO 
SEG,o 


SEG" 
SEGll 


SEG12 
SEG12 


SEG'3 
SEG13 


SEG,. 
SEG,. 


SEG,& 
SEG,s 


SEG,e 
SEG,e 


SEG17 
SEG17 


SEG'8 
SEG18 


(3) 
1/3 duty cycle 
display 
(4) 
1/4 duty cycle 
display 


COMoCOM,COM2COM3 
COMoCOM,COM2COM3 


SEGo 
SEGo 


SEG, 
AdO 
SEG, 


SEG2 
SEG2 


SEG3 
SEG3 


SEG. 
Ad1 
SEG. 


SEGs 
SEG& 


SEG8 
SEGe 


SEG7 
Ad2 
SEG7 


SEG8 
SEGs 


SEGg 
SEGg 


SEG,o 
Ad3 
SEG,o 


SEG" 
SEG" 


SEG12 
SEG'2 


SEG13 
Ad4 
SEG'3 


SEG,. 
SEG,. 


SEG,s 
SEG,& 


SEG,e 
Ad5 
SEG,e 


SEG17 
SEG17 


SEG,s 
SEG'8 
Ad6 


Figure 8 
Allocation of Digit (HD61602) 


HITACHI 


AdO 


Ad1 


Ad2 


Ad3 


Ad4 


Ad5 


Ad6 


Ad7 


Ada 


io 
Ad24 


Ad25 
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as Adn) to specify 
the 
store 
address 
of the 
transferred 
8-bit data 
on a digit basis. 
Figure 
9 shows 
the correspondence 
between 
each 
segment 
in an Adn and the 
8-bit input 
data. 
When 
data 
is transferred 
on a digit basis, 
8- 
bit display 
data 
and digit address 
should 
be 
specified 
as described 
above. 


However, 
when 
the 
digit address 
is Ad6 for 
static, 
Ad12 for 1/2 duty cycle, or Ad25 for 1/ 


4 duty 
cycle, 
display 
RAM does 
not 
have 
enough 
bits for the data. 


Thus the extra 
bits of the input 
8-bit data 
are 
ignored. 


In bit 
manipulation, 
anyone 
bit 
of display 
RAM can be written. 
When 
data 
is transfer- 
red on a bit basis, 
1-bit display 
data, 
a seg- 


ment 
address 
(6 bits) and a common 
address 
(2 bits) should 
be specified. 


The HD61603 has an internal 
display 
RAM an 
shown 
in figure 
10. Display 
data 
is stored 
in· 


the RAM and output 
to the 
segment 
output 
terminal. 


(1) 
Static 
display 


COMo 


SEGs 
Bit 
7 


SEGSn+1 
6 


SEGSn+2 
5 


SEGIln+3 
4 


SEGSn+4 
3 


SEGSn+5 
2 


SEGIln+& 


SEGSn+7 
Bit 
0 


Bit 
6 
7 


5 
4 


3 
2 


1 
Bit 
0 


Bit 
6 
7 


5 
4 
3 


2 
1 
Bit0 


Bit 
6 
5 
4 
7 


3 
2 
1 
Bit0 


1 bit 
(COMo) {I 
Display 
RAM 
I 
\. 
•. 
~I 


64 bits 


Segment 
address 
(SEGo-SEG&3) 


Reading Data from Display RAM: Each 
bit ofthe display RAMcorresponds to an LCD 
segment. The data at segment address SEGn 
is output to segment output SEGn terminal. 
Figure 11 shows an example of the corre- 
spondence between the display RAMbit and 
the display pattern when a 7-segment type 
LCDis connected. 


Writing Data into Display RAM: Data is 
written into the display RAMin the following 
two methods: 
1. 
Bit manipulation 
Data is written into any bit of RAMon a 


bit basis. 
2. 
Static display mode 
8-bit data 
is written 
on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 


The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor,four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 


LCD connection 
a 


Figure 11 Example of Correspondence between Display RAMBit and Display Pattern 
(H06161')3) 
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In bit manipulation, anyone 
bit of display 
RAMcan be written. When data is transfer- 
red on a bit basis, l-bit display data and a 
segment address (6 bits) should be specified. 


COMo 


SEGo 


SEG, 


SEG2 


SEG3 Ada 


SEG. 


SEGs 


SEGs 


SEG7 


SEGs 


SEGg 


SEG,o 


SEG" 
Ad1 


SEG'2 


SEG13 


SEG,. 


SEG,s 


SEG,s 


SEG17 


SEG, 


SEG,. 
Ad2 


SEG20 


SEG2' 
SEG22 


SEG23 
SEG2• 


SEG.s 


SEG~ 


SEG.7 
SEGu 


SEG •• 


SEG~ 


SEGs, 
Ad6 


SEG62 


SEG83 


SEGe. 


SEGss 


SEGss 


SEGS7 


SEG58 


SEGs• Ad7 


SEG80 


SEGa, 


SEGa 


SEG83 


Figure 12 Allocation 
of Digits 
(HD61603) 


COMo 


SEGBn 
Bit 
7 


SEGBn+, 
6 


SEGSn+2 
5 


SEGBn+3 
4 


SEGsn+. 
3 


SEGsn+s 
2 


SEGBn+B 


SEGBn+7 
Bita 


Figure 13 
Bit Assignment 
in an Adn 
(HD61603) 


HD61602Operating Modes 
The HD61602 has the following operating 
modes: 
1. 
LCDdrive mode 
Determines the LCDdriving method. 
a. 
Static drive mode 
LCDis driven statically. 
b. 
1/2 duty cycle drive mode 
LCDis driven at 1/2 duty cycle and 1/ 
2 bias. 


c. 
1/3 duty cycle drive mode 
LCDis driven at 1/3 duty cycle and 1/ 
3 bias. 
d. 
1/4 duty cycle drive mode 
LCDis driven at 1/4 duty cycle and 1/ 
3 bias. 


2. 
Data display mode 
Determines how to write display data 
into the data RAM. 
a. 
Static display mode 
a-bit data is written into the display 
RAM according to the digit in static 


drive. 


b. 
1/2 duty cycle display mode 
a-bit data is written into the display 
RAM according to the digit in 1/2 
duty cycle drive. 
c. 
1/3 duty cycle display mode 
a-bit data is written into the display 
RAM according to the digit in 1/3 
duty cycle drive. 
d. 
1/4 duty cycle display mode 
a-bit data is written into the display 
RAM according to the digit in 1/4 
duty cycle drive. 


3. 
READYoutput mode 
Determines the READYoutput timing. 
After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READYoutput reports 
the period to the MPU.The timing when 
the READYis output can be selected from 
the following two modes: 


\....•.--- 
i 
----------------------, 
WE~ 
:'-../ 
, 
~ 
~ 
! 
"",-------------------, 
I 
•'I" 
Input inhibit 
.: 
l-- 
Next data 
period 
, 
I 
transfer 
Data transfer 
period 


b. 
READYis mode available by CS and 
RE. 


cs 
/ 
~ 
/ 
'\ 
I 


WE 
~ 
I 
~ 
I, 
, 
RE 
I 
, 
I 
I 
'\ 
, 
~ 
).. 
/ 
, 
I 
, 
, 
I 
, 
, 
, 
READY 
I 
, 
I 
, 
I 
'--.V 
~ 
i 
I 
I 
Data transfer 
I 
I 
l-- Next data 
-I- 
Input inhibit 
"I 
period 
period 
transfer 


4. 
LCDOFF mode 
In this mode, the HD61602stops driving 
LCDand turns it off. 


5. 
External driving voltage mode 
A mode for using external driving voltage 
(Vt, V2, and V3). 
HITACHI 
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The above 5 modes are specified by mode 
setting data. The modes are independent 
of 
each other and can be used in any combina- 


tion. Bit manipulation is independent 
of data 
display mode and can be used regardless of it. 


The HD61603has the following modes: 
1. 
READYoutput mode 
Determines the READYoutput timing. 
After a data set is transferred, the data is 
processed internally. The next data can- 


not be acknowledged during the proces- 
sing period. The READYoutput reports 
the period to the MPU.The timing when 
READYis output can be selected from the 
following two modes: 


\"""---- 
...--------------------_ 
......•' 
~ 
~IIIII 
I--Next 
data 
tnInsfer 


"':-i -- 
...J~ 


I 
I 
• I • 
Inputinhibit 
••I 
period 
Detatrensfer 
period 


b. 
READYis mode available by CS and 
RE. 


cs 
...,,/ 


WE~ 
I 
~ 
I 
II 
READY 
I 
II 
DetatnInsfer-- 
.••• 
~I•.•• 
--------Input 
inhibit 
period 
period 


\.~-_/ 
I 
I 
!'-/ 
I 
I 
If\. 
/ 
I, 
I 
/1 
,,"----_-J. 
I 
I 
I 
I 
______ 
, 
I 
~ 
"--/1 
I 
•.I 
l--Next 
data 
tnInsfer 


2. 
LCDOFF mode 
In this mode, the HD61603stops driving 
the LCDand turns it off. 


HD61602 Input 
Data Formats 
Input 
data 
is composed 
of 8 bits x 2. Input 
them 
as 
2-byte 
data 
after 
READY output 
changes 
from 
low 
to 
high 
or low 
pulse 
is 
entered 
into RE terminal. 


Display address 
(Digit address Adn) 
4 
3 
2 
1 
0 


2nd byte 
I 
: 
7 
6 


DiS~laYd~ta 


4 
3 
2 


a. . Display address: 
Digit address 
Adn in 
accordance 
with 
display mode 
b. 
Display data: 
Pattern 
data 
that 
is 
written 
into 
the 
display 
RAM 
according 
to display 
mode 
and 
the 
address 


2. 
Bit manipulation 
data 
(Updates 
display 
on a segment 
basis) 
1st byte 


~ 
S~Gad~ress: 


76543210 
a. 
Display data: 
Data that 
is written 
into 
1 
bit 
of 
the 
specified 
display 
RAM 
b. 
COM address: 
Common 
address 
of 
display RAM 
c. 
SEG address: 
Segment 
address 
of 
display RAM 


External 
power 


1st byte 
supply 
ITllilr-> 
~~-it-yI ~-~::-- 
..d-·I 


76543210 


a. 
Display mode bits: 


00: Static display mode 
01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
11: 1/4 duty cycle display mode 
b. 
OFF/ON bit: 
1: LCD off (set to 1 when 
SYNC is 
entered.) 
0: LCD on 
c. 
Drive mode bits: 
00: Static drive 
01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 
d. 
READY bit: 
0: READY bus mode; READY out- 
puts 0 only while CS and RE are 
O. (reset 
to 
0 when 
SYNC is 
entered.) 
1: READY 
port 
mode; 
READY 
outputs 
0 regardless 
of CS and 
RE. 


e. 
External 
power 
supply 
bit: 
0: Driving 
voltage 
is 
generated 
internally. 
1: Driving 
voltage 
is 
supplied 
externally. 
(set to 1 when 
SYNC 
is entered.) 


4. 
1-byte instruction 


lst byte 


The first data (first byte) is ignored 
when 
bit 6 and bit 7 in the byte 
are 1. 


HD61602/HD61603 


Input data is composed of 4 bits x 4. Input 
them as four 4-bit data after READYoutput 
changes from low to high or low pulse is 
entered into RE terminal. 


1. 
Display data (Updates display on an 8- 
segment basis.) 


1st byte 
I 0 
: 0 


3rd byte 


Display data 
Bit 17 
6 
5 
4 


3 
2 
1 
0 


4th byte 


Display data 
Bit3 
2 
1 
0 


3 
2 
1 
0 


a. 
Displayaddress: Digit address 
Adn 
shown in figure 12. 


b. 
Displaydata: 
Pattern data that is 
written 
into 
the 
display 
RAM 
as 
shown in figure 13. 


2. 
Bit manipulation data (Updates display 
on a segment basis.) 
1st byte 
2nd byte 


10 
ffilx:x 
00 
321032 
0 


3rd byte 
I x: 
x I~~~ 
5a~dr:s1 


3 
2 
1 
0 
a. 
Displaydata: 


4th byte 


SEG address 
Bit 3 
2 
1 
0 
3 
2 
1 
0 
Data that is written 
into 
1 bit 
of the 
specified 
display 
RAM. 
Segment address of 
display RAM (seg- 
ment output). 


3. 
Mode setting data 


1st byte 
I 
:0c:EJ 


2nd bytern 
bit 


3 
2 


3rd byte 


.I < 
x 
: 
x 


4th byte 


~ 
•..._o---,,--o_ 
320 
3 
2 
1 
0 
a. 
OFFION bit: 


1:LCDoff (set to 1 when SYNCis 
entered.) 
0: LCDon 
b. 
READYbits: 


0: READYbus mode; READYout- 
puts 0 only while CSand REare 
o. (reset to 0 when SYNC is 
entered.) 
1: READY port 
mode; 
READY 
outputs 0 regardless of CS and 
RE. 


4. 
1-byte instruction 


1st byte 


1 
1 
: 
Ix > 


The first data (4 bits) is ignored when bit 
3 and 2 in the data are 1. 


How to Input HD61602Data 
Input data is composed of 8 bits x 2. Take 
care that the data transfer is not interrupted, 
because the first 8-bit data is distinguished 
from the second one by the sequence only. 


If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of bytes (count 
of the first and second bytes): 
1. 
Set CSand REinputs low (no display data 


changes). 
2. 
Input 2 or more "l-byte instruction" data 
in which bit 7 and 6 are 1 (display data 
may change). 
The data ~ut 
method via data input termi- 
nals (CS, WE, Doto D,) is similar to that of 
static RAMsuch as HM6116.An access of the 
LSIcan be made through the same bus line as 
ROM and RAM. When output 
ports 
of a 
microprocessor are used for an access, refer to 
the timing specifications and figure 14. 


WEI 
*6 


RE~~*4 
r ----~------- 
~ --r-------"\ 
r-------.. * 5 
READY • 
-' 
*1· 
'-----J 
.""_J 
*3 
'-----' 
'-- 


*5 
*5 
SYNC 
.•••• 
r-\ *2 


Do-D7-<::)--11---<:t8t 
X 2ndX 


Mode setting data 


* 1: 
READY output is indefinite during 
12 clocks after the oscillation start 
at power on (clock: OSC2 clock). 
*2: 
High pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 


* 3: 
In the mode in which READY is always available. READY output is 
in definite while SYNC is high. 


* 4: 
Reset the byte counter after power on. 


* 5: 
READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation 
or within 
10.5 clocks when the display data (8 
bits) is updated. 
* 6: 
Connect a pull-up resister if WE or RE may be floating. 
* 7: 
It is not always necessary to follow this example. 


How to Input HD61603Data 
Input data is composed of 4 bits X 4. Take 
care that 
data transfer is not interrupted, 
because the first 4-bit data to the fourth 4-bit 
data are distinguished from each other by the 
sequence only. 


If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of data (count 
of the first 4-bit data to the fourth 4-bit data): 


1. 
Set CS and RE low. 
2. 
Input 4 or more "1-byte instruction" data 
(4-bit data) in which bit 3 and 2 are 1 
(display data may change). 
The data !!!E.utmethod via data input termi- 
nals (CS,WE, DO to D3) is similar to that of 
static RAMsuch as HM6116.An access of the 
LSIcan be made through the same bus line as 
ROM and RAM. When output 
ports 
of a 
microprocessor are used for an access, refer to 
the timing specifications and figure 15. 


WE 1*6 


RE~*4 


READY ~~:::j~-:::J 
'--..J 
L 


*1 
*5 
*3 
*5 
*5 
1\.'-*_2 
_ 


x·"x •••x",X ••·X 
Display data 
00-03 --<::)-I...-{." X·••X",X·.•X 


Mode setting data 
IhcX2-X,riX4tbX 


Mode setting data 


* 1: 
READY output is indefinite during 12 clocks after the oscillation start 
at power on (clock: OSC2 clock). 


*2: 
High pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 
*3: 
In the mode in which READY is always available, READY output is in- 
definite while SYNC is high. 


* 4: 
Reset the 4-bit data counter after power on. 
* 5: 
READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 
10.5 clocks when the display data (8 
bits) is updated. 


* 6: 
Connect a pull-up resister if WE or RE may be floating. 


* 7: 
It is not always necessary to follow this example. 


Note that the READYoutput will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READYbit data of mode setting latches 
and the mode of READYpin (READYbus or 
port mode) are unsettled until the completion 
of mode setting. 


There are two kinds of the READYoutput 
waveforms depending of the modes: 


HD61602/HD61603 


1. 
READYbus mode (READYbit = 0) 


2. 
READYport mode (READYbit = 1) 


However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READYbus mode, (1)a in figure 
16 will be output, and when you choose 
READYport mode, (2) a will be output. The 
figures can be applied both to HD61602and 
HD61603. 


Power 
on 
• 


Power 
on 
~ 


w~ 
READY 
output 
is unsettled. 


Mode 
setting 
data 
V//! 
(2-byte 
data) 
~1.5 ,clocks 
(max) 


Mode setting data are 
latched. 


a 
\--b---'\ 
\._----- \ 


Figure 16 
READYOutput According to Modes 
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HD61602/HD61603 


Standby 
operation 
with 
low power 
con- 
sumption can be activated when pin SB is 
used Normal operation ofthe LSIis activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSIis as fol- 
lows: 


1. 
LCDdriver is stopped (LCDis off). 


2. 
Display data 
and operating 
mode are 
held 


3. 
The operation is suspended while display 
changes 
(while READY is outputting 
low.) In this case, READYoutputs high 
within 
10.5 clocks or 3.5 clocks after 
release from the standby mode. 


4. 
Oscillationis stopped. 


When this mode is not used, connect pin SBto 
Vss. 


When an LCD is driven with two or more 
chips, the driving timing of the LCDmust be 
synchronized. In this case, the 
chips are 
synchronized with each other by using SYNC 
input. If SYNCinput is high, the LCDdriver 
timing circuit is reset. Applyhigh pulse to the 
SYNCinput after the operating mode is set. 


A high pulse to the SYNCinput changes the 
mode setting data. (The OFFION 
bit is set 
and the READYbit is reset. See 3. Mode 
Setting Data in "Input Data Formats".) Trans- 
fer the mode setting data into the LSI after 


If a power on reset signal is applied to the 
SYNCpin, the LCDcan be off-state when the 
power is turned on. 


When SYNCinput is not used, connect pin 
SYNCto Vss. 


When SBinput is used, after standby mode is 
released, a high pulse must be applied to the 
SYNCinput, and mode setting data must be 
set again. 


Minimize the noise by inserting a noise by- 
pass capacitor (~ 1 JlF) between 
Voo and 
Vss pins. (Insert one as near chip as possible.) 


Liquid Crystal Disj)lay Drive Volt- 
age Circuit (HD61602) 


What Is LCDVoltage? 


HD61602drives liquid crystal display using 
four levels of voltages (figure 17);Voo, Vl, V2, 
and 
V3 
(Voo is the highest and 
V3 is the 
lowest). The voltage between 
Voo and V3 is 
called VLCO and it is necessary to apply the 
appropriate 
VLCO 
according to the 
liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 
ce it supplies the voltage to the LCD drive 
circuit of HD61602. 


Figure17 
LCD Output Waveform and 
Output Levels 


When Internal Drive Power Supply 
is Used 


When the 
internal 
drive power 
supply is 
used, attach C1-C4 for charge pump circuits 
and variable resistance R1for deciding dis- 
play drive voltage to HD61602 as shown in 
figure 18. 


Internal 
voltage 
is 
available 
by 
setting 
external voltage switching bits of mode set- 
ting data O. 


Figure 
19 
shows 
voltage 
characteristics 
between Vooand VREF1. 
Voltage is divided at 
R1, and 
then 
input 
into 
VREF2.Voltage 
between Vooand VREF2 
is equivalent to t:.V in 


HD61602/HD61603 


figure 19, and so VLCOcan be changed 
by 
regulating the voltage. 


VREF2is usually regulated by variable resis- 
tance, 
but 
when 
replacing 
R1 with 
two 
nonvariable resistances take VREF1between 
max and min into consideration as shown in 
figure 19. 


Internal drive power supply is generated 
by 
using capacitance, and so large current can- 
not flow. When large liquid crystal display 
panel is used, examine the external 
drive 
power supply. 


19 VC2 


20 V, 


21 V2 


22 V3 


23-26 
COM 


77 
SEGo 


76 
SEG, 


75 
SEG2 


R, = 1 MQ Variable 
C,=0.3I'F 
C2-C.= 
0.31'F 
Cs=0.1 to 0.31'F 
C6;<; 11'F 


Charge 
pump 
circuit 
2X(V,-Voo) 


3X(V,-Voo) 


HD61602/HD61603 


When External Drive Power Sup- 
ply is Used 


An external power supply can be used by 
setting 
external voltage switching bits of 
mode setting data to 1.When a large liquid 
crystal display panel is used, in multichip 
designs, which need accurate liquid crystal 
drive voltage, use the external power supply. 
See figure 20. 


and Vss,and by these resistance ratio each 
voltage of Ii.V and VLCD is generated and then 
supplied to Vl, V2, and V3. C2-C4 
are smooth- 
ing capacitors. 


When 
regulating 
brightness, 
change 
the 
resistance value by setting Rs variable resis- 
tance. 


Positive 
C. 
Positive 
C. 
Vee 
Positive 
C. 
Vee 
power 
power 
Vss 
power 
Vss 
supply 
supply 
supply 


VREF1 
VREF1 
VREFl 
VREF2 
VREF2 
VREF2 


R, 
Ve, 
R, 
NC 
Ve, 
NC 
Ve, 
VC2 
C, 
NC 
VC2 
C, R, 
NC 
VC2 
V, 
VI 
V, 


C. 
V, 
R3 
C3 
R3 
V3 
V, 
V, 


R. 
C3 
C. 
R. 
V3 
V3 
Ce<=1/lF 


58 
R. 


58 
58 


(0 Static Drive 
(2) 
1/2 Duty Cycle Drive 
(3) 
1/3 and 1/4 Duty Cycle Drive 


Voo-Vss(V) 


2 
3 
4 
5 
6 
! 
! 
! 
I 
I 
I 
I 
'. 
: 
> 1.6 -----~·--+.-min 
-:1.7 
\ 
: 


::1.8 
'---: 
I 1.9 un..... 
! 
typ 
82.0 
\ 
> 2.1 
\ 
! 
2.2 
------~=~'-----max 
2.3 


Figure 19 
Voltage 
Characteristics 
between 
VDDand Vren 


Note: 1. When standby '!lode is used, a transistor is required. 


2. Rz-Rs should be some k Q-some tens of kQ. and CZ-C4 
should be 0.1 /IF-0.3 
/IF. 


Figure 20 
Ezample 
when Ezternal 
Drive Voltage 
is Used 
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HD61602/HD61603 


Liquid Crystal Display Drive Volt- 
age (HD61603) 


As shown in figure 21, apply LCD drive volt- 
age from the external power supply. 


When the internal oscillation circuit is used, 
attach an external resister Rosc as shown in 
figure 22. (Insert Roseas near chip as possible, 
and make the OSCl side shorter.) 


When an external 
clock of 100 kHz with 
CMOS level is provided, pin OSCi can be used 
for the input pin. In this case, open pin OSC2. 


Positive power 
Cs 
1 
11 Voo 
supply 
Vss 
R, 


12 V3 


R2 


HD61602/HD61603 


HD6809 
+5V 


CPU 


10SC1 
OSC2 


VAU1 
VIIEF2 


v, 


V, 


SEG, 
.-- 
SEGso 
V3 


HD61604/HD61605 
(Segment Type LCD Driver) 


Description 


The 
HD61604 
and 
the 
HD61605 
are 
liquid 
crystal 
display 
driver 
LSIs 
with 
TTL 
and 
CMOS compatible 
interface. 
Each of the LSls 
can be connected 
to various 
microprocessors 
such as the HMCS6800 series. 


Several 
types 
of liquid crystal 
displays 
can be 
connected 
to the 
HD61604 according 
to the 
applications 
because 
of 
the 
software- 
controlled 
liquid crystal dispay drive method. 


The HD61605 is a liquid crystal 
display 
driver 
LSI only for static 
drive and has 64 segment 
outputs 
that 
can display 
8 digits 
per chip. 


• 
Low current 
consumption 


-Can 
drive from a battery 
power 
supply 
(100 JiA max on 5 V). 


-Standby 
input 
enables 
a standby 
oper- 
ation 
at lower 
current 
consumption 
(5 
JiA max on 5 V). 


Type No. 
HD61604R 
HD61605R 


P8Ckllge 


80-pin plastic QFP(FP-80) 


Versatile Segment Driving Capacity 
Display 
SegmMlta 


51 
102 
153 
204 
64 


Type No. 
HD61604R 


Drive Method 


Static 
1/2 bias 1/2 duty cycle 
1/3 bias 1/3 duty cycle 
1/4 duty cycle 


Example of U•• 


8 segments x 6 digits + 3 marks 
8 segments x 12 digits + 6 marks 
9 segments x 17 digits 
8 segments x 25 digits + 4 marks 
8 segments x 8 digits 


Fnme 
Frwq 1Hz) 


lit foec=100 kHz 
98 
195 
521 
781 
98 


iI~~~~~~~~;:~:~.~~ 
.. 
"" 


.. 
n 
~ 
" 
.. 
~~:;~~~;;;~~~~~:;~~~ 


SEG'3 
SEG'4 
SEG15 
SEG,. 
SEGl1 
SEG,. 
SEG19 
SEG,o 
SEG21 
SEG" 
SEG'3 
SEG'4 
SEG" 
SEG,. 
SEG" 
SEG,. 
SEG,. 
SEG30 
SEG3, 
SEG3, 
SEG33 
SEG•• 
SEG3• 
SEG3• 


Voo 
READY~ 
WEll! 
S8 
D3 
D, 
D, 
Do 
V•• 
V3 


COMo 
SEG03 
SEG., 
SEG., 
SEGoo 
SEG•• 
SEG•• 
SEG" 
SEG•• 
SEG•• 
SEG•• 
SEG.3 


43 
4' 
4' 
~~:;~~~;;;~~~~~:;~~~ 


LCD drive 
timing 
generator 


DrivB 
voltage 
selection 


LCD drive 
timing 
generator 


Segment 
output 
(641inesl • 


Table 1 shows the HD61604pin description. 
Table 2 shows the HD61605pin description. 


READY (Ready): During data setting in the 
display data RAMand mode setting latch in 
the LSI after data transfer, low is output to 
the READYpin to inhibit the next data input. 


There are two modes: one in which low is 
output only when both of CSand REare low, 
and the other in which low is output regard- 
less of CS and RE. 


CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 


WE (Write 
Enable): 
Write enable 
input. 
Input data ofDoto D7 is latched at the positive 
edge of WE. 


RE 
(Reset): 
Resets the 
input 
data 
byte 
counter. After both of CSand REare low, the 
first data is recognized as the 1st byte data. 


SB (Standby): 
High level input stops the LSI 
operations. 


1. 
Stops oscillation and clock input. 
2. 
Stops LCDdriver. 


3. 
Stops writing data into display RAM. 


Do-D7 
(Data 
Bus): 
Data input pin from 
which 8-bit x 2-byte data is input. 


SYNC (Synchronous): 
Synchronous input 
for 2 or more chip applications. LCD drive 
timing generator is reset by high input. LCD 
is off. 


COMo -COM3(Common): 
LCD common 
(backplate) drive output. 


SEGo -SEG50 
(Segment): 
LCD segment 
drive output. 


Vt, Va, V3 (LCD Voltage): 
Power supply for 
LCDdrive. 


OSC1, OSC2 (Oscillator): 
Attach external R 
to these pins for oscillation.An external clock 
(100ltHz) can be input from aSCi. 


READY (Ready): During data setting in the 
display data RAMand mode setting latch in 
the LSI after data transfer, low is output to 
the READYpin to inhibit the next data input. 


There are two modes: one in which low is 
output only when both of CSand REare low, 
and the other in which low is output regard- 
less of CS and RE. 


CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 


WE (Write 
Enable): 
Write enable 
input. 


Input data of Doto D3is latched at the posi- 
tive edge of WE. 


RE 
(Reset): 
Resets the 
input 
data 
byte 
counter. After both of CSand RE are low, the 
first data is recognized as the first byte data. 


SB (Standby): 
High level input stops the LSI 
operations. 


1. 
Stops oscillation and clock input. 


2. 
Stops LCDdriver. 


3. 
Stops writing data into display RAM. 


Do- D3:Data input pin from which 4-bit x 4- 
byte data is input. 


SYNC (Synchronous): 
Synchronous input 
for 2 or more chips application. LCD drive 
timing generator is reset by high input. LCD 
is off. 


COMo (Common): 
LCDcommon (backplate) 
drive output. 


SEGo -SEGS3 
(Segment): 
LCD segment 
driye output. 


OSC1, OSC2 (Oscillator): 
Attach external R 
to these pins for oscillation.An external clock 
(100kHz) can be input from aSCi. 


V3 (LCD Voltage): 
Power supply input for 
LCDdrive. 


Voltage between Vooand V3is used as drive 
voltage. 


Table 1 
HD61604 Pin Description 
Table 2 
HD61605 Pin Description 


Pin 
No.of 
Connected 
Pin 
No.of 
Connected 
Name 
Lines 
Input/Output 
to 
Name 
Lines 
Input/Output 
to 


READY 
NMOS open 
MCU 
READY 
1 
NMOS open 
MCU 
drain output 
drain output 


CS 
1 
Input 
MCU 
CS 
1 
Input 
MCU 
WE 
1 
Input 
MCU 
WE 
1 
Input 
MCU 
RE 
1 
Input 
MCU 
RE 
1 
Input 
MCU 
S8 
1 
Input 
MCU 
S8 
1 
Input 
MCU 
Do-D7 
8 
Input 
MCU 
Do-D:3 
4 
Input 
MCU 


SYNC 
1 
Input 
MCU 
SYNC 
1 
Input 
MCU 
COMo- 
4 
Output 
LCD 
COMo 
1 
Output 
LCD 
COM3 
SEGo-SEGs3 
64 
Output 
LCD 
SEGo- 
51 
Output 
LCD 
OSC1, 
2 
Input, output 
External R 
SEGso 
OSC2 
V" 
V2, V3 
3 
Power supply 
External R 
V3 
Input 
Power 
OSC1. 
2 
Input, output 
External R 
supply 
OSC2 
Vss 
Power supply 


VC1. VC2 
2 
Output 
Voo 
Power supply 


VREF' 
1 
Input 
V, 
Note: 
Logic polarity 
is positive. 
VREF2 
1 
Input 
Voo 
1 = high = active. 
Voo 
1 
Power supply 


Vss 
1 
Power supply 


Note: 
Logic 
polarity 
is positive. 


1 = high = active. 


Display RAM 


HD61604 Display 
RAM 


The HD61604 has an internal display RAM 
shown in figure 3. Display data is stored in 
the RAM, or is read according to the LCD 
drive timing to display on the LCD.One bit of 
the RAM corresponds to 1 segment of LCD. 
Note that some bits of the RAM cannot be 
displayed depending on LCDdrive modes. 


Reading 
Data 
from 
HD61604 
Display 
RAM 


A display RAMsegment address corresponds 
to a segment output. The data at segment 
address SEGn is output to segment output 
SEGn pin. 


timings of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 
is reproduced on the LCDpanel. 


The following shows 
the 
correspondence 
between 
the 7-segment 
type LCD connec- 
tion and the display RAMin each mode. 


1. 
Static 
Drive: 
In static drive, only the 
column of COMoof display RAMis output. 
COM, to COM:!are not displayed (figure 
4). 


2. 1/2 Duty Cycle Drive: In the 1/2 duty 
cycle drive, the columns of COMo and 
COM, of display RAMare output in time 
sharing. 
The 
columns 
of 
COM2 and 
COM:!are not displayed (figure 5). 


Common address 
(COMo-COM3) 
)!{1 
D_iSPlaV_RAM 
_ 


\ 
.J 
• 
51 bits 


Segment address (SEGo-SEGso) 


COM3 


COM2 


COM, 


COMo 
f 
e 
d 
c 
DP 
9 
b 
a 


Example 
of Correspondence 
between 
LCD Connection 
and Display 
RAM 
(Static Drive, HD61604) 
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3. 
1/3 Duty Cycle Drive: In the 1/3 duty 
cycle drive, the columns of COMo to COM 


2 are output in time sharing. No column of 
COM3 is displayed. "y" cannot be rewrit- 
ten by display data (input on an a-seg- 
ment basis). Please use bit manipulation 


in turning on/off the display of "y" cycle 
(figure 6). 


4. 
1/4 Duty Cycle Drive: In the 1/4 duty 
cycle drive, all the columns of COMo to 
COM3 are displayed (figure 7). 


LCD connection 
a 


<5 tS 
<E 
w 
w 
w 
l/) l/) 
l/) 


Figure 5 
Example 
of Correspondence 
between 
LCD Connection 
and Display 
RAM 
(1/2 Duty Cycle, 8D61604) 
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COM3 


COM2 
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a 
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COM, 
9 
c 


COMo 
e 
d 
DP 


SEG3 SEG4 SEGs 


Figure 6 
Example 
of Correspondence 
between 
LCD Connection 
and Display 
RAM 
(1/3 Duty Cycle, 8D61604) 
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Example 
of Correspondence 
between 
LCD Connection 
and Display 
RAM 
(1/4 Duty Cycle, 8D61604) 


Data is written into the display RAMin the 
following five methods: 


1. 
Bit Manipulation: 
Data is written into 
any bit of RAMon a bit basis. 


2. 
Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCDpattern ofstatic drive. 


3. 
1/2 Duty 
Cycle 
Display 
Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCDpattern of 1/2 
duty cycle drive. 


4. 
1/3 Duty Cycle 
Display 
Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCDpattern of 1/3 
duty cycle drive. 


5. 
1/4 Duty 
Cycle 
Display 
Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCDpattern of 1/4 
duty cycle drive. 


The RAMarea and the allocation of the seg- 
ment data for 1-digit display depend on the 
drive methods as described in the section of 
"Reading Data from Display RAM". 


8-bit data is written on a digit basis corre- 
sponding to the above duty drive methods. 
The digits are allocated as shown in figure 8. 


(2) 
1/2 Duty Cycle 
Display 


COMoCOM,COM2 
COMoCOM,COM2 


SEGo 
SEGo 
SEG, 
SEG, 


SEG2 
SEG2 


SEG3 
SEG3 


SEG4 
SEG4 


SEG5 
SEGs 


SEG. 
SEG. 


SEG7 
SEG7 


SEG. 
SEG. 


SEGg 
SEGg 


SEG,o 
SEG,o 


SEGll 
SEG" 


SEG'2 
SEG12 


SEG13 
SEG13 


SEG'4 
SEG'4 


SEG'5 


SEG,. 


SEG17 


SEG,. 


(3) 
1/3 Duty Cycle 
Display 
(4) 
1/4 Duty Cycle 
Display 


COMoCOM,COM2COM3 
COMoCOM,COM2COM3 


SEGo 
SEGo 


SEG, 
AdO 
SEG, 


SEG2 
SEG2 


SEG3 
SEG3 


SEG4 
Ad1 
SEG4 


SEG5 
SEG5 


SEG. 
SEG. 


SEG7 
Ad2 
SEG7 


SEG8 
SEG. 


SEGg 
SEGg 


SEG,o 
Ad3 
SEG,o 


SEG" 
SEG" 


SEG'2 
SEG12 


SEG'3 
Ad4 
SEG13 


SEG'4 
SEG'4 


SEG'5 
SEG'5 


SEG,. 
Ad5 
SEG,. 


SEG17 
SEG17 


SEG'8 
SEG'8 
Ad6 
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AdO 


Ad1 


Ad2 


Ad3 


Ad4 


Ad5 


Ad6 


Ad7 


Ad8 


Ad24 


Ad25 


As the data can be transferred 
on a digit basis 
from a microprocessor, 
transfer 
efficiency 
is 
improved 
by 
allocating 
the 
LCD 
pattern 
according 
to the allocation 
of each bit data 
of 
the digit in the data 
RAM. 


However, 
when 
the 
digit 
address 
is Ad6 of 
static, 
Ad12 of 1/2 duty cycle, or Ad25 of 1/4 
duty 
cycle, 
display 
RAM 
does 
not 
have 
enough 
bits for the data. 
Thus the extra 
bits 
of the input 
8-bit data 
are ignored. 


Figure 
8 shows 
the 
digit 
address 
(displayed 
as Adn) to specify 
the 
store 
address 
of the 
transferred 
8-bit data 
on a digit basis. 


In bit manipulation, 
anyone 
bit 
of display 
RAM can be written. 
When 
data 
is transfer- 
red on a bit basis, 1-bit display 
data, 
a seg- 
ment address 
(6 bits)s and a common 
address 
(2 bits) should 
be specified. 
Figure 
9 shows 
the correspondence 
between 
each 
segment 
in an Adn and the 8-bit 
input 
data. 


When 
data 
is transferred 
on a digit basis, 
8- 
bit display 
data 
and digit address 
should 
be 
specified 
as described 
above. 


The HD61605 has an internal 
display 
RAM as 
shown 
in figure 
10. Display data 
is stored 
in 
the 
RAM and output 
to the 
segment 
output 
pin. 
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Display 
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Bit 
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6 
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Bit 
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Bit 
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1 b't 
(C~Mo) {I 
Display 
RAM 
I 
'••• 
•• 
~I 


64 bits 


Segment 
address 
(SEGo-SEGS3) 


Figure 10 
Display 
RAM (HD61605) 
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Reading 
Data 
from 
HD61605 
Display 
RAM 


Each bit of the display RAMcorresponds to 
an 
LCD segment. The data 
at 
segment 
address SEGn is output to segment output 
SEGn pin. Figure 11 shows the correspon- 
dence between 
the 
7-segment type LCD 
connection and the display RAM. 


Data is written into the display RAMin the 
followingtwo methods: 


1. 
Bit Manipulation: 
Data is written into 
any bit of RAMon a bit basis. 


2. 
Static Display Mode: a-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCDpattern of static drive. 


The a-bit data is written on a digit basis into 
the digit address (displayedas Adn) shown in 
figure 12. When data is transferred from a 
microprocessor,four 4-bit data are needed to 
specifythe digit address and an a-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred a-bit data. 


In bit manipulation, anyone 
bit of display 
RAMcan be written. When data is transfer- 
red on a bit basis, 1-bit display data and a 
segment address (6 bits) should be specified. 


Figure 11 
Example 
of Correspondence 
between 
LCD Connection 
and Display 
RAM 
(HD61605) 
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SEGsn+s 
SEG'6 
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SEG,s 
SEG6S 
SEGsn+7 
Bit0 
SEG17 
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SEG,s 
SEG6S 


SEG'9 
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SEG69 Ad7 
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SEG60 


SEG2, 
SEGs, 


SEG22 
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Figure 12 
Allocation of Digits 
(HD61605) 
Figure 13 
Bit Assignment 
in an Adn 
(HD 61605) 


Operating Modes 


8061604 
Operating 
Modes 


The HD61604 has the following operating 
modes: 


1. 
LCD Drive 
Mode: Determines the LCD 
drive method. 


· Static 
drive 
mode: 
LCD is 
driven 
statically. 


• 1/2 duty cycle drive mode: LCDis driven 
with 1/2 duty cycle and 1/2 bias. 


· 1/3 duty cycle drive mode: LCDis driven 
with 1/3 duty cycle and 1/3 bias. 


· 1/4 duty cycle drive mode: LCDis driven 
with 1/4 duty cycle and 1/3 bias. 


2. 
Data Display 
Mode: Determines how to 
write display data into the data RAM. 


· Static display mode: a-bit data is writ- 
ten into the display RAM according to 
the digit in static drive. 


· 1/2 duty cycle display mode: a-bit data 
is written into the display RAMaccord- 
ing to the digit in 1/2 duty cycle drive. 


· 1/3 duty cycle display mode: a-bit data 
is written into the display RAMaccord- 
ing to the digit in 1/3 duty cycle drive. 


· 1/4 duty cycle display mode: a-bit data 
is written into the display RAMaccord- 
ing to the digit in 1/4 duty cycle display 
drive. 


3. 
READY Output Mode: Determines the 
READYoutput timing. 


After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READYoutput reports 
the period to the MPU.The timing when 
READYis output can be selected from the 
following two modes: 


· READYis always available (figure 14). 


· READYis made available by CS and RE 
(figure 15). 


,~- 
i 
______________________ 
1 


WE 
~ 
:"--./ 
I 
,--------------------.....,,/: 
! 
I 
I 
I 


• 
II 
• 
Input inhibit 
•• : 
I-- Next data 
period 
I 
I 
transfer 
Data transfer 
period 


~ 
/ 
II 
III: 
~ 
I 
: 
'----..V 


~ 
II 
III 
1 
1-I- 
Data transfer 
period 
Input inhibit 
period 


~IIIIIi 
1 
II - 
Next data 
transfer 


Figure 
15 
READY Output Timing 
(When It Is Made Available 
by CS and RE) 
HITACHI 


4. 
LCD Off Mode: In 
this 
mode, 
the 


HD61604stops driving the LCDand turns 
it off. 


After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READYoutput reports 
the period to the MPU.The timing when 
READYis output can be selected from the 
following two modes: 


The above 4 modes are specified by mode 
setting data. The modes are independent 
of 
each other and can be used in any combina- 
tion. The bit manipulation is independent 
of 
data display mode and can be used regard- 
less of it. 


. READYis always available (figure 16). 


. READYis made available by CS and RE 
(figure 17). 


The HD61605 has the following operating 
modes: 


2. 
LCD Off Mode: In 
this 
mode, 
the 
HD61605stops driving the LCDand turns 
it off. 
1. 
READY Output Mode:Determines the 
READYoutput timing. 
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Input Data Formats 


8D61604 
Input Data Formats 


Input 
data 
is composed 
of 8 bits 
x 2 bytes. 
Input 
them 
as 2-byte 
data 
after READY out- 
put 
changes 
from low to high 
or low pulse 
enters 
into RE pin. 


1. 
Display 
Data: Updates 
display 
on an 8- 


segment 
basis. 


Display address 
(Digit address Adn) 


4 
3 
2 
1 
0 


2nd byte 
I 
: 
7 
6 


: 
DiS~laYd~ta 


5 
4 
3 
2 


· Display 
address: 
Digit address 
Adn 
in 
accordance 
with 
display 
mode 


· Display 
data: Pattern 
data 
written 
into 
the 
display 
RAM according 
to display 
mode 
and the address 


2. 
Bit Manipulation 
Data: Updates 
display 
on a segment 
basis. 


2nd bytern 
S~G ad~ress : 


432 


· Display data: 
Data written 
into 1 bit of 
the specified 
display 
RAM 


· COM address: 
Common 
address 
of dis- 
play RAM 


· SEG address: 
Segment 
address 
of dis- 
play RAM 


· Display mode bits: 
00: Static display 
mode 
01: 1/2 duty cycle display 
mode 
10: 1/3 duty cycle display 
mode 
11: 1/4 duty cycle display 
mode 
· OFF ION bit: 


1: LCD off (set 
to 
1 when 
SYNC is 


entered) 
0: LCD on 


· Drive mode bits: 


00: Static drive 
01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 
· READY bit: 


0: READY bus mode: READY outputs 
0 
only while CS and RE are 0 (reset 
to 
o when 
SYNC is entered) 
1: READY port 
mode: 
READY outputs 
o regardless 
of CS and RE 


Note: 
Input the same data to display mode bits 
and drive mode bits. 


4. 
I-Byte 
Instruction: 
The first data 
(first 
byte) is ignored 
when 
the bit 6 and bit 7 


in the data 
are 1. 


Input data is composed of 4 bits x 4 bytes. 
Input them as four 4-bit data after READY 
output changes from low to high or low pulse 
enters into RE pin. 


Display 
Data: Updates display on an 8- 
segment basis. 


1st byte 
I 
0 : 
0 
x 
x 


3 
2 
0 
3 
2 
0 


3rd byte 
4th byte 


Display data 
Display data 
Bit 17 
6 
5 
4 
Bit3 
2 
1 
0 


3 
2 
1 
0 
3 
2 
1 
0 


· Display 
address: 
Digit 
address 
Adn 
shown in figure 12. 


· Display data: Pattern data written into 
the display RAMas shown in figure 13. 


2. 
Bit Manipulation 
Data: Updates display 
on a segment basis. 


1st byte 
I 0 
3 
2 


3rd byte 
I x: 
x I~~~ 
5a~dr:s1 


3 
2 
1 
0 


4th byte 


SEG address 
Bit 3 
2 
1 
0 
3 
2 
1 
0 


· Display data: Data written into the 1bit 
of the specified display RAM. 
· SEG address: Segment address of dis- 
play RAM(segment output). 


3rd byte 
I < 
x 
: 
x 
: x 
320 


2nd bytern 
3 
2 


4th byte 
ffio 
3 
2 


. OFFION bit: 
1: LCD off (It is set to 1 when SYNC is 
entered) 
0: LCD on 
. READYbit: 
0: READYbus mode: READYoutputs 0 
only while CSand RE are 0 (reset to 0 
when SYNCis entered) 
1: READYport mode: READYoutputs 0 
regardless of CS and RE 


4. 
I-Byte 
Instruction: 
The first data 
(4 
bits) is ignored when the bit 3 and bit 2 in 
the data are 1. 


1st byte 
I 
: 
3 
2 


How to Input Data 


How to Input Data into HD61604 


Input data is composed of 8 bits x 2 bytes. 
Take care that the data transfer is not inter- 
rupted 
because 
the first 8-,bit data is distin- 
guished from the second one by the sequence 
only. 


When 
data 
transfer 
is interrupted, 
or 
at 
power on, the following two methods can be 
used 
to reset 
the 
count 
of the 
number 
of 
bytes (count of the first and second bytes): 


1. 
Set CS and RE to low (no display data 
changes). 
2. 
Input 2 or more l-byte 
instruction 
data 
whose bit 7 and 6 are high (display data 
may change). 


The data input method 
via data input 
pins 
(CS, WE, Do to D7) is similar to that of static 
RAM such as HM6116. Access to the LSI can 
be made through 
the same bus line as ROM 
and 
RAM. When 
output 
ports 
of a micro- 
processor 
are used 
for access, refer to the 
timing specifications and figure 18. 


WE 
I *6 


RE 
~~*4 


1st 2nd 
00-07 
~I------< 
X 
X 
Modesettingdata 


1st 2nd 
X 
X 
X 
Modesettingdata 


1st 2nd 
X 
X 
X 
Displaydata 


* 1: READYoutput is indefiniteduring 12 clocks after the oscillationstarts at power on (clock: 


OSC2 clock). 
* 2: High pulse should be applied to SYNCpin when using two or more chips simultaneously. 
* 3: In the mode in which READYis always available. READYoutput is indefinite while high 
is being applied to SYNC. 
* 4: Reset the byte counter after power on. 
* 5: READYoutput period is within 3.5 clocks in the mode setting operation and bit manipu- 


lation or within 10.5 clocks when the display data (8 bits) is updated. 


*6: Connect a pull-up resistor if WE or RE is floating. 
* 7: It is not always necessary to follow this example. 


Input data is composed 
of 4 bits x 4 bytes. 


Take care that the data transfer is not inter- 
rupted 
because 
the first 4-bit 
data 
to the 


fourth 4-bit data are distinguished 
from each 


other by the sequence 
only. 


When 
data 
transfer 
is interrupted, 
or 
at 
power on, the following two methods can be 
used to reset the count of the number of data 
(count of the first 4-bit data to the fourth 4- 
bit data): 


1. 
Set CS and RE to low (no display data 
changes.) 
2. 
Input 4 or more 1-byte instruction 
data 
(4-bit data) whose bit 3 and 2 are high 
(display data may change). 


The data input method 
via data input 
pins 
(CS, WE Do to 03) is similar to that of static 
RAM such as HM6116.Access to the LSI can 
be made through 
the same bus line as ROM 
and 
RAM. When 
output 
ports 
of a micro- 


processor 
are used for access, refer to the 
timing specifications 
and figure 19. 


Poweron 


~---\~ 


WE 
1*6 


RE 
~*4 


[----..------4'1 
READY 
J 
. 
*1 
'----.r•..__7 
L.-l 
L 
*5 
*3 
*5 
*5 
r\... 
*_2 
_ 


S8 
I) 


1st 2nd 3rd 4th 


00-03 ~r---( 
X X X X 
Modesettingdata 


1st 2nd 3rd4th 
XXXXX 
Modesettingdata 


1st 2nd 3rd4th 
XXXXX 
Displaydata 


* 1: READYoutput is indefiniteduring 12 clocks after the oscillationstarts at power on (clock: 
OSC2 clock). 
* 2: High pulse should be applied to SYNCpin when using two or more chips simultaneously. 
* 3: In the mode in which READYis always available, READYoutput is indefinite while high 


is being applied to SYNC. 
* 4: Reset the 4-bit data counter after power on. 
* 5: READYoutput period is within 3.5 clocks in the mode setting operation and bit manipu- 


lation or within 10.5 clocks when the display data (8 bits) is updated. 
* 6: Connect a pull-up resistor if WE or RE is floating. 
* 7: It is not always necessary to follow this example. 


Note that the READYoutput will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READYbit data of mode setting latches 
and the mode of READYpin (READYbus or 
port mode) are unsettled untill the comple- 
tion of mode setting. 


There are two kinds of the READYoutput 
waveforms depending on the modes. 


1. 
READYbus mode (READYbit = 0) 


2. 
READYport mode (READYbit = 1) 


However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READYbus mode, (1)a in figure 
20 will be output, and when you choose 
READYport mode, (2) a will be output. The 
figures can be applied both to HD61604and 
HD61605. 


Power 
on. 


~ 


Power 
on 
+ 


~, 
READY output 
is unsettled. 


Mode 
setting 
data V~ 
(2-byte 
data) 
p.5 .clocks 
(max) 


Mode setting 
data 
are latched. 


Power 
on 
~ 


a 
\--b---' 
\._----- \ 


Figure 20 
READY Output According 
to Modes 
HITACHI 


Standby operation 
with 
low power 
con- 
sumption can be activated when pin SB is 
used. Normaloperation ofthe LSIis activated 
when pin SBis low level, and the LSI goes 
into the standby state when pin SBis high 
level. The standby state of the LSI is as fol- 
lows: 


1. 
LCDdriver is stopped (LCDis off). 
2. 
Display data and operating mode are 


held. 
3. 
The operation is suspended while display 
changes 
(while READY is outputting 
low.) In this case, READYoutputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 
4. 
Oscillationis stopped. 


When this mode isnot used, connect pin SBto 
Vss. 


When an LCDis driven with the two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the 
chips are 
synchronized with each other by using SYNC 
input. If SYNCinput is high, the LCDdriver 
timing circuit is reset. Applyhigh pulse to the 
SYNCinput after the operating mode is set. 


A high pulse to the SYNCinput changes the 
mode setting data. (The OFFION bit is set 
and the READYbit is reset. See (3) Mode 
Setting Data in "Input Data Formats".)Trans- 
fer the mode setting data into the LSI after 


If a power on reset signal is applied to the 
SYNCpin, the LCDcan be off-state when the 
power is turned on. 


When SYNCinput is not used, connect pin 
SYNCto Vss. 


When SBinput is used, after standby mode is 
released, high pulse must be applied to the 
SYNCinput, and mode setting data must be 
set again. 


Minimize the noise by inserting a noise by- 
pass capacitor (~ 1 JlF) between 
VDD and 
Vss pins. (Insert one as near chip as possible.) 


Liquid Crystal Display Drive Volt- 
age Circuit (HD61604) 


HD61604drives liquid crystal display using 
four levels of voltages (figure 21);VDD, Vl, 
V2, 
and 
V3 
(VDD is the highest and 
V3 is the 
lowest). The voltage between 
VDD and V3 is 
called VLCD and it is necessary to apply the 
appropriate 
VLCD 
according to the 
liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 


ce it supplies the voltage to the LCD drive 
circuit of HD61604. 


Connecting R2- R5 in series between 
VDD 
and Vss (figure 22) generates ilV or VLCD by 
using the resistance ratio to supply these 
voltage to pins Vl, 
V2, 
V3. C2-C4 
are the 
smoothing capacitors. Connect a trimmer 
potentiometer for R5 and change its resis- 
tance value to control the contrast. 


Figure 21 
LCD Output Waveform 
and 
Output 
Levels 
(1/3 
Duty 
Cycle, 1/3 Bias) 
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C. 
VDD 
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Vee 
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Vee 


power 
Vss 
power 
C. 
Vss 
power 
C. 
Vss 
supply 
supply 
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VREF1 
VAEF1 
VAEF1 
VREF2 
VREF2 
VREF2 


R, 
Ve, 
Ve, 
NC 
Ve, 
Ve, 
Ve, 
C, R, 
NC 
Ve, 


V, 
V, 
V, 


C. 
V, 
C3 
R3 


V3 
V, 
V, 


R, 
t. 
R. 


V3 
V3 
Ce<:lpF 


S8 
R, 


S8 
S8 


(1) 
Static Drive 
(2) 
1/2 Duty Cycle Drive 
(3) 
1/3 and 1/4 Duty Cycle Drive 


Note: 1 When standby mode is used, a transistor is required. 


2 R2-R5 
should be some kO-some 
tens of kO, and C2-C4 
should be 0.1 )IF-0.3 
)IF. 


Liquid Crystal Display Drive Volt- 
age (HD61605) 


As shown in figure 23, apply LCD drive volt- 
age from the external power supply. 


When 
Internal 
Oscillation 
Circuit 
is 
Used 


When the internal oscillation circuit is used, 
attach an external resistor Rose as shown in 
figure 24. (Insert Roseas near chip as possible, 
and make the OSCl side shorter.) 


When 
an external 
clock of 100 kHz with 
CMOSlevel is provided, pin OSCl can be used 
for the input pin. In this case, open pin OSC2. 


Positive power 
supply 


Cs 
1 
11 Voo 
Vss 


HD6809 


CPU! 
+5V 


Absolute Maximum Ratings 


Item 
Symbol 
Limit 
Unit 


Power supply voltage * 
Voo. V,. V2. V3 
-0.3 
to + 7.0 
V 


Pin voltage * 
Vr 
-0.3 
to Voo + 0.3 
V 


Operating temperature 
Topr 
-20 
to +75 
·C 


Storage temperature 
Tstg 
-55 
to +125 
·C 


*Value 
referenced 
to Vss=O V. 


Note: 
If LSls are used above absolute 
maximum 
ratings, 
they may be permanently 
destroyed. 
Using 


them within 
electrical 
characteristics 
limits is strongly 
recommended 
for normal 
operation. 
Use 
beyond 
these conditions 
will cause malfunction 
and poor reliability. 


Limit 


Min 
Typ 
Max 
Unit 


4.5 
5.5 
V 


0 
Voo 
V 


0 
Voo 
V 


-20 
+75 
·C 


Limit 
Item 
Symbol 
Min 
Typ 
Max 
Unit 
Teat Condition 


Input high voltage 
OSC1 
VIHl 
0.8Voo - 
Voo 
V 


Others 
VIH2 
2.0 
Voo 
V 


Input low voltage 
OSC1 
Vll1 
0 
0.2Voo 
V 


Others 
VIL2 
0 
0.8 
V 


Output leakage 
READY 
IOH 
5 
p.A 
Pull up the pin to Voo 
current 
Output low 
READY 
VOL 
0.4 
V 
IOL'"'0.4 mA 
voltage 
Input leakage 
Input 
1111 
-1.0 
1.0 
p.A 
VIN'"'O to Voo 
current 
pin 
*1 
-20 
20 
p.A 
V, 
IIL2 
VIN'"'Voo to Va 


V2, Va 
IILa 
-5.0 
5.0 
p.A 


LCD driver voltage 
COMo-COMa 
Vdl 
0.3 
V 
±ld'"'3 
p.A for each 
drop 
COM, Va'"'Voo to 3 V 


SEGo-SEG50 
Vd2 
0.6 
V 
±ld'"'3 
p.A for each 
SEG, Va'"'Voo to 3 V 
Current consumption * 2 
100 
100 
p.A 
During display* 
Rosc'"'360 kO 


100 
5 
p.A 
At standby 


* 
Except the transfer 
operation 
of display data and bit data. 
*1 
V" 
V2: applied only to H061 604. 
*2 
Do not connect 
any wire to the output 
pins and connect 
the input 
pins to Voo or Vss. 


HD61604/HD61605 


AC Characteristics 


(Vss = 0 V, VDD = 4.5 V to 5.5 V, Ta = -20 
·C to +75 ·C, unless 
otherwise 
noted) 


Limit 
Item 
Symbol 
Min 
Typ 
Max 
Unit 
Teat Condition 


Oscillation frequency 
OSC2 
fosc 
70 
100 
130 
kHz 
Rosc=360 
kO 


External clock 
OSC1 
fosc 
70 
100 
130 
kHz 
frequency 


External clock duty 
OSC1 
Duty 
40 
50 
60 
% 


I/O signal timing 
ts 
400 
ns 


tH 
10 
ns 


twH 
300 
ns 


tWL 
400 
ns 


twR 
400 
ns 


tOL 
1.0 
"s 
Figure 31 


tEN 
400 
ns 


top, 
9.5 
10.5 
Clock 
For display 
data transfer 


tOP2 
2.5 
3.5 
Clock 
For bit and mode 
data transfer 
Input signal rise time and fall time 
tr• tl 
25 
ns 


CS 


tWH 


WE 


V'L 


tWL 


V1H 
V1H 
00-07 
VIL 
V'L 
ts 
tH 


READY 
~-------- 
ifVOH 


---J l-tEN]--lI--: tWH----~-~-~~t:k=-1 


SYNC 
V'H 
V'H 
______ 
V'L 
_ 


Measurement 
pin 


(READY) 


47 kQ 
10 kQ 


30 pF 
120 kQ 
1520 


HD61830/HD61830B--- 
LCDC(LCD 
Timing Controller) 


Description 


The HD61830/HD61830B 
is a dot matrix 
liquid 
crystal 
graphic 
display 
controller 
LSI that stores 
the display data sent from an 8-bit microcontroller 
in the external RAM to generate dot matrix liquid 
crystal driving signals. 


It has a graphic 
mode in which 
I-bit data in the 
external RAM corresponds 
to the on/off state of 1 
dot on liquid crystal display and a character 
mode 
in which characters 
are displayed 
by storing char- 
acter codes in the external 
RAM and developing 
them into the dot patterns with the internal charac- 
ter generator 
ROM. Both modes can be provided 
for various applications. 


The 
HD61830/HD61830B 
is 
produced 
by 
the 
CMOS 
process. 
Thus, 
combined 
with 
a CMOS 
microcontroller 
it can complete 
a liquid 
crystal 
display device with lower power dissipation. 


• 
Dot matrix liquid crystal graphic display controller 
• 
Display control capacity 
-Graphic 
mode: 512k dots (216 bytes) 
-Character 
mode: 4096 characters 
(212 char- 
acters) 
• 
Internal character generator ROM: 7360 bits 
-160 
types of 5 x 7 dot characters 
- 
32 types of 5 x 11 dot characters 
Total 192 characters 
-Can 
be extended to 256 characters 
(4 kbytes 
max.) by external ROM 
• 
Interfaces to 8-bit MPU 
• 
Display duty cycle (can be selected by a program) 
Static to 1/128 duty cycle 
• 
Various instruction functions 
- 
Scroll, 
cursor 
on/off/blink, 
character 
blink, 
bit manipulation 
• 
Display method: Selectable A or B types 
• 
Internal 
oscillator 
(with 
external 
resistor 
and 
capacitor) HD61830 


• 
Operating frequency: 
1.1 MHz HD61830 
2.4 MHz HD61830B 
• 
Low power dissipation 
• 
Power supply: Single +5 V ±10% 
• 
CMOS process 


Differences between Products 
HD61830 and HD61830B 


Oscillator 


Operating frequency 


Pin arrangement 
and signal name 


HD61830 


Internal or external 


1.1 MHz 


Pin6:C 
Pin 7: R 
Pin 9: CPO 
® 
Package marking 
to see figure 
o. 3013- 


H061830AOO 


JAPANO 


o 
• 
3013- 


H061830BOO 


JAPANo 


HD61830B 


External only 


2.4 MHz 


Pin6:ce 
Pin7:~ 
Pin9:NC 
® 


Type No. 


HD61830AOOH 


HD61830BOOH 


Package 


60-pin plastic OFP (FP-60) 


.,f .£ .; .r 
.; .£.£ 
•.... ..r.t 
CD 
c( 
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::::1i 
::::1i 
::::1i 
::::1i 
::::1i 
::::1i 
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::::1i 
::::1i 
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MAlO 


(CE)C 
53 
MAll 


(OE) R 
52 
MA12 


CR 
51 
MA13 


(NC) CPO 
50 
MA14 


FlM 
49 
MA1S 


CLI 
48 
D2 


SYNC 
47 
Dl 


WE 
Fp-60 
46 
Cl2 


RES 
(top view) 
45 
RDo 


CS 
44 
RDl 


E 
43 
RD2 


ANI 
42 
RD3 


RS 
41 
RD4 


MA 
40 
RDs 


GND 
39 
RD6 


DB7 
38 
RD7 


DB6 
37 
MDo 


DBs 
MDl 


.•. 
'" 
'" 
r£ 
0 
~ 


•.... 
eD 
II) 
.•. 
'" 
'" 
CD 
CD 
CD 
CD 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
::::1i 
::::1i 
::::1i 
::::1i 
::::1i 
::::1i 


HD61830/HD61830B 


Terminal 
Functions 


Symbol 
Pin Number 
110 
Function 


DBa-DB] 
28-21 
I/O 
Data bus: Three-state 
I/O common 
terminal 
Data is transferred 
to MPU through 
DBa to DB]o 


CS 
15 
Chip select: Selected 
state with CS = 0 


ANI 
17 
ReadIWrite: 
ANI •• 1: MPU E- HD61830B 
ANI •• 0: MPU ~ 
HD61830B 


RS 
18 
Register 
select: 
RS •• 1: Instruction 
register 
RS •• 0: Data register 


E 
16 
Enable: 
Data is written at the fall of E 
Data can be read while E is 1 


CR 
8 
CR oscillator 
(HD61830), 
External clock input (HD61830B) 


C 
6 
CR oscillator 
to capacitor 
(HD61830 
only) 


R 
7 
CR oscillator 
to resistor 
(HD61830 
only) 


CPO 
9 
0 
Clock signal for HD61830 
in slave mode (HD61830 
only) 


CE 
6 
0 
Chip enable (HD61830B 
only) 
CE ••0: Chip enables 
make external 
RAM in active 


OE 
7 
0 
Output enable (HD61830B 
only) 
OE •• 1: Output enable informs external 
RAM that HD61830B 
requires data bus 


NC 
9 
Open 
Unused terminal. 
Don't connect 
any wires to this terminal 
(HD61830B 
only) 


MAo-MA15 
4-1, 
0 
External 
RAM address output 
60-49 
In character 
mode, the lane code for external 
CG is output 
through 
MA12 to MA15 (0:Character 
1st line, F: Character 
16th 


line) 


MDa-MD] 
37-30 
I/O 
Display data bus: Three-state 
I/O common 
terminal 


RDo-RD] 
45-38 
I 
ROM data input: Dot data from external character 
generator 
is 
input 


WE 
13 
0 
Write enable: Write signal for external 
RAM 


Cl2 
46 
0 
Display data shift clock for LCD drivers 


Cl1 
11 
0 
Display data latch signal for LCD drivers 


FlM 
10 
0 
Frame signal for display synchronization 


MA 
19 
0 
Signal for converting 
liquid crystal driving signal into AC, A type 


MB 
5 
0 
Signal for converting 
liquid crystal driving signal into AC, B type 


01 
47 
0 
Display data serial output 


O2 
48 
D1: For upper half of screen 
O2: For lower half of screen 


SYNC 
12 
I/O 
Synchronous 
signal for parallel operation 
Three-state 
I/O common 
terminal 
(with pull-up 
MOS) 
Master: Synchronous 
signal is output 
Slave: Synchronous 
signal is input 


RES 
14 
Reset: Reset •• 0 results in display off, slave mode and Hp" 
6 


900 
HITACHI 


Data 
input 
register 
(DIR) 


Data 
output 
register 
(DOR) 


Instruction 
register 
(IR) 
Busy 
flag 
(BF) 


• 


Control 
signal 


Dot counter 
(DC) 


Dot registers 
(DR) 


Mode 
control 
register 
(MCR) 


Cursor 
signal 
generator 


Control 
signal 


...- 
-- 
,,,, 
-~,,,._-_ 
-,-_ 
-_ 
. 
,,,,,, 
,, 
• 
1 


RDo-RD7 


Extended 
external 
ROM 


• When extended 
external 
ROM Is used, MAo-MA11 
are applied to RAM, MA1Z-MA15 
are applied to 
extended 
external 
ROM. 


( 
) is for HD61830B 


The HD61830/HD61830B has the five types of 
registers: instruction register (IR), data input regis- 
ter (DIR), data output register (DOR), dot registers 
(DR), and mode control register (MCR). 


The IR is a 4-bit register that stores the instruction 
codes for specifying MCR, DR, a start address reg- 
ister, a cursor address register, and so on. The 
lower order 4 bits DBo to DB3 of data buses are 
written in it 


The DIR is an 8-bit register used to temporarily 
store the data written into the external RAM, DR, 
MCR, and so on. 


The OOR is an 8-bit register used to temporarily 
store the data read from the external RAM. Cursor 
address information is written into the cursor 
address counter (CAe) through the DIR. When the 
memory read instruction is set in the IR (latched at 
the falling edge of E signal), the data of external 
RAM is read to OOR by an internal operation. The 
data is transferred to the MPU by reading the OOR 
with the next instruction (the contents of OOR are 
output to the data bus when E is at the high level). 


The DR are registers used to store dot information 
such as character pitches and the number of verti- 
cal dots, and so on. The information sent from the 
MPU is written into the DR via the DIR. 


The MCR is a 6-bit register used to store the data 
which specifies states of display such as display 
on/off and cursor on/off/blink. The information 
sent from the MPU is written in it via the DIR. 


The busy flag = 1 indicates the HD61830 is per- 
forming an internal operation. Instructions cannot 
be accepted. As shown in Control Instruction, read 
busy flag, the busy flag is output on DB7 under the 
conditions of RS = I, R/W = I, and E = 1. Make 
sure the busy flag is 0 before writing the next 
instruction. 


The dot counters are counters that generate liquid 
crystal display timing according to the contents of 
DR. 


The refresh address counters, RACI and RAC2, 
control the addresses of external RAM. character 
generator ROM (CGROM), and extended external 
ROM. The RACI is used for the upper half of the 
screen and the RAC2 for the lower half. In the 
graphic mode, 16-bitdata is output and used as the 
address signal of external RAM. In the character 
mode, the high orde~ 4 bits (MAtZ-MAts) are 
ignored. The 4 bits of line address counter are out- 
put instead and used as the address of extended 
ROM. 


The character generator ROM has 7360 bits in total 
and stores 192 types of character data. A character 
code (8 bits) from the external RAM and a line 
code (4 bits) from the line address counter are 
applied to its address signals, and it outputs 5-bit 
dot data. 


The character font is 5 x 7 (160 characters) or 5 x 
11 (32 characters). The use of extended ROM 
allows 8 x 16(256 characters max.) to be used. 


The cursor address counter is a 16-bit counter that 
can be preset by instruction. It holds an address 
when the data of external RAM is read or written 
(when display dot data or a character code is read 
or written). The value of the cursor address counter 
is automatically increased by 1 after the display 
data is read or written and after the set/clear bit 
instruction is executed. 


The cursor can be displayed by instruction in 
character mode. The cursor is automatically gener- 
ated on the display specified by the cursor address 
and cursor position. 


The parallel data sent from the external RAM, 
character generator ROM, or extended ROM is 
converted into serial data by two paralleVserial 
conversion circuits and transferred to the liquid 
crystal driver circuits for upper screen and lower 
screen simultaneously. 


Display is controlled by writing data into the 
instruction register and 13 data registers. The RS 
signal distinguishes the instruction register from 
the data registers. 8-bit data is written into the 
instruction register with RS = I, and the data regis- 
ter code is specified. Mter that, the 8-bit data is 
written in the data register and the specified 
instruction is executed with RS = O. 


During the execution of the instruction, no new 
instruction can be accepted. Since the busy flag is 
set during this, read the busy flag and make sure it 
is 0 before writing the next instruction. 


1. 
Mode Control: 
Code $"00" (hexadecimal) 
written into the instruction register specifies the 
mode control register. 


Register 
RJW 
RS 
DB? 
DB6 
DB5 I DB4 
DB3 
DB2 I DB1 I DBO 


Instruction 
reg. 
0 
1 
0 
0 
0 
I 
0 
0 
0 
I 
0 
I 
0 


Mode control 
reg. 
0 
0 
0 
0 
Mode data 
-- 
--- 
--- 


DB5 
DB4 
DB3 
DB2 
DB1 
DBO 
Cursorlblink 
CG 
Graphic/character 
display 


1/0 
I/O 
0 
0 
0 
0 
Cursor off 
Character 
display 
C> 
(Character 
mode) 
0 
1 
Cursor on 
0 
Iii 


1 
0 
Cursor off, character 
blink 
E 
~ 
1 
1 
Cursor blink 


0 
0 
1 
Cursor off 


0 
1 
Cursor on 
8 
Iii 


1 
0 
Cursor off, character 
blink 
E 
~ 


1 
1 
Cursor blink 
w 


0 
0 
1 
0 ---- / 
Graphic 
mode 


u. 
Q) 
u. 


~ 
Q 
Q) 
z 
> 
III 
8 
0 
III 
..c 
Cii 
~ 
~ 
~ 
0 
~ 
~ 
:c 
Q) 
0. 
~ 
Ii! 
0.-0 
~ 
.!!.! 
III 
.S: 
::I 
l!! 0 
0 
:!: 
iii 
0 
C>E 
w 
I 
1: Master mode 
0: Slave mode 


1. Display ON 
0: Display OFF 


2. Set Character Pitch: Vp indicates the number 
of vertical dots per character. The space between 
the vertically-displayed characters is included in 
the determination. This value is meaningful only 
during character display (in the character mode) 
and becomes invalid in the graphic mode. 


IIp indicates the number of horizontal dots per 
character in display, including the space between 
horizontally-displayed characters. In the graphic 
mode, the IIp indicates the number of bits of 
I-byte display data to be displayed. 


There are three IIp values (table I). 


Register 


Instruction 
reg. 


Character 
pitch reg. 


DB4 
DB3 
DB2 
DBa 


a 
a 
a 
a 
1 
a 
(Hp - 
1) binary 


FWI 
RS 
DB7 
a 
1 
0 
a 
0 


Table 1 Up Values 


Hp 
DB2 


6 
1 


7 
1 


8 
1 


DB1 
DBD 
Horizontal 
Character 
Pitch 


0 
1 
6 
a 
7 


1 
8 


• 


3. Set Number of Characters: 
HN indicates the 
number of horizontal characters in the character 
mode or the number of horizontal bytes in the 
graphic mode. If the total sum of horizontal dots on 
the screen is taken as n. 


Register 
RIW 
RS 


Instruction reg. 
0 
1 


Number-ot-characters reg. 
0 
0 


DB7 
DB6 


o 
0 
o 


4. 
Set Number of Time Divisions (Inverse of 
Display Duty Ratio): Nx indicates the number of 
time divisions in multiplex display. 


n =lIpxHN 


HN can be set to an even number from 2 to 128 
(decimal). 


DBO 
o 


Register 
RIW 
RS 
DB7 
DB6 
DBO 


Instruction reg. 
0 
1 
0 
0 
1 


Number-ot-time-divisions 
0 
0 
0 
reg. 


S. Set Cursor Position: Cp indicates the position 
in a character where the cursor is displayed in the 
character mode. For example. in 5 x 7 dot font, the 
cursor is displayed under a character by specifying 
Cp = 8 (decimal). The cursor horizontal length is 
equal to the horizontal character pitch Hp• A value 


of 1 to 16 (decimal) can be set to Cp. If a smaller 
value than the vertical character pitch Vp is set (Cp 
~ Vp>. and a character overlaps with the cursor. the 
cursor has higher priority of display (at cursor dis- 
play on). If Cp is greater than Vp' no cursor is dis- 
played. The cursor horizontal length is equal to IIp. 


Register 
RIW 
RS 
DB7 
DB6 
DB5 
DB4 
DB3 I DB2 I DB1 I DBO 


Instruction reg. 
0 
1 
0 
0 
0 
0 
0 
I 
1 
I 
o 
I 
0 
Cursor position reg. 
0 
0 
0 
0 
0 
0 
(Cp - 1) binary 


6. Set Display Start Low Order Address: Cause 
display start addresses to be written in the display 
start address registers. The display start address 
indicates a RAM address at which the data dis- 
played at the top left end on the screen is stored. In 


Register 
RIW 


Instruction reg. 
0 


Display start address reg. 
0 
(low order byte) 


RSDB7 


1 
0 


o 


the graphic mode, the start address is composed of 
high/loworder 16bits. In the character display, it is 
composed of the lower 4 bits of high order address 
(DB3-DBo) and 8 bits of low order address. The 
upper 4 bits of high order address are ignored. 


DBO 
o 


Set Display Start High Order Address 


Register 
RJIN 
RS 


Instruction 
reg. 
a 
1 


Display start address 
reg. 
a 
a 
(high order byte) 


DB? 
a 


7. 
Set Cursor 
Address (Low Order) 
(RAM 
Write 
Low 
Order 
Address): 
Cause 
cursor 
addresses to be written in the cursor address coun- 
ters. The cursor address indicates an address for 
sending or receiving display data and character 
codes to or from the RAM. 


That is, data at the address specified by the cursor 
address are read/written. In the character mode, the 
cursor is displayed at the character specified by the 
cursor address. 


DBa 


1 


(8 bits) and the high-order address (8 bits). Satisfy 
the following requirements setting the cursor 
address (table 2). 


The cursor address counter is a 16-bit up-counter 
with set and reset functions. When bit N changes 
from 1 to 0, bit N + 1 is incremented by 1. When 
setting the low order address, the LSB (bit 1) of the 
high order address is incremented by 1 if the MSB 
(bit 8) of the low order address changes from 1 to 
O. Therefore, set both the low order address and the 
high order address as shown in the table 2. 


Register 
RJIN 
RS 
DB? 
DBa 


Instruction 
reg. 
a 
1 
a 
a 


Cursor address 
counter 
a 
a 
(Cursor low order address) 
binary 
(low order byte) 


Register 


Instruction 
reg. 


Cursor address 
counter 
(high order byte) 


RJIN 
RS 
a 
1 
a 
a 


DB? 
a 


DBa 


1 


Table 2 Cursor Address Setting 


Condition 


When you want to rewrite (set) 
both the low order 
address 
and the high order address. 


When you want to rewrite only the low order 
address. 


When you want to rewrite only the high order 
address. 


Requirement 


Set the low order address 
and then set the high 
order address. 


Don't fail to set the high order address 
again after 
setting the low order address. 


Set the high order address. 
You don't have to set 
the low order address 
again. 
• 


8. Write Display Data: After the code $"OC" is 
written into the instruction register with RS = I, 
S-bit data with RS = 0 should be written into the 
data register. This data is transferred to the RAM 


Register 


Instruction 
reg. 


RAM 


ANI 
a 
a 


DB? 
a 


9. Read Display Data: Data can be read from the 
RAM with RS = 0 after writing code $"OD" into 
the instruction register. Figure 1 shows the read 
procedure. 


This instruction outputs the contents of data output 
register on the data bus (DBo to DB?) and then 


Register 


Instruction 
reg. 


RAM 


ANI 
a 


1 


DB? 
a 


specified by the cursor address as display data or 
character code. The cursor address is increased by 
1after this operation. 


DBa 
a 


transfers RAM data specified by the cursor address 
to the data output register, also increasing the cur- 
sor address by 1. After setting the cursor address, 
correct data is not output at the first read but at the 
second one. Thus, make one dummy read when 
reading data after setting the cursor address. 


DBa 


1 
a 
a 


MSB (pattern data, character 
code) LSB 


BusY 
Cursor Cursor 
check 
address low 
set 
order 
mode 
address 
write 


Busy 
Cursor 
Cursor 
Busy 
Dalll 
Dummy 
Busy 
N 
Buoy 
N+l 
chectt 
add••••• high 
chec:It. 
road 
road 
chectt 
add••••• 
check 
add••••• 
set 
orUe< 
mode 
dalll 
dalll 
mode 
address 
road 
road 
write 


Cursor 
address 


Data 
output 
register 


10. Clear Bit: The clear/set bit instruction sets 1 
bit in a byte of display data RAM to 0 or I, respec- 
tively. The position of the bit in a byte is specified 
by NB and RAM address is specified by cursor 


address. After the execution of the instruction, the 
cursor address is automatically increased by 1. NB 
is a value from 1 to 8. NB= 1 and NB= 8 indicates 
LSB and MSB, respectively. 


Register 
ANI 
RS 
DB? 
DBB 
DBS 
DB4 
DB3 
DB2 I DB1 lOBO 


Instruction 
reg. 
0 
1 
0 
0 
0 
0 
1 
1 
I 
1 
I 
0 


Bit clear reg. 
0 
0 
0 
0 
0 
0 
0 
(NB - 1) binary 


Register 
ANI 
RS 
DB? 
DBB 
DBS 
DB4 
DB3 
DB2 I DB1 lOBO 


Instruction 
reg. 
0 
1 
0 
0 
0 
0 
1 
1 
I 
1 
I 
1 


Bit set reg. 
0 
0 
0 
0 
0 
0 
0 
(NB - 1) binary 


11. Read Busy Flag: When the read mode is set 
with RS = I, the busy flag is output to DB? The 
busy flag is set to I during the execution of any of 
the other instructions. After the execution, it is set 
to O. The next instruction can be accepted. No 
instruction can be accepted when busy flag = 1. 
Before executing an instruction or writing data, 
perform a busy flag check to make sure the busy 


flag is O.When data is written in the register (RS = 
I), no busy flag changes. Thus, no busy flag check 
is required just after the write operation into the 
instruction register with RS = 1. 


The busy flag can be read without specifying any 
instruction register. 


Register 


Busy flag 


• 


B~~~BBB8··············'············""··············· 
. 
•DDD.DDD 
.DDD.DDD 
.DDD.DDD 
.DDD.DDD 
.DDD.DDD 
D•••DDDD 
DDDDDDDD 
DD DDDD 


HN 
(digit) 


Meaning 


Horizontal character pitch 


Number of horizontal characters per line 
(number of digits) in the character mode 
or number of bytes per line in the graphic 
mode 


Vp 
Vertical character pitch 
Vertical character pitch 
1 to 16 dots 


Cp 
Cursor position 
Une number on which the cursor can be 
1 to 16 lines 
displayed 


Nx 
Number of time divisions 
Inverse of display duty ratio 
1 to 128 lines 


Note: 
If the number of vertical dots on the screen is m. and the number of horizontal dots is n, 


11m = l/Nx = display duty ratio 
n = Hp x HN, mNp = Number of display lines 
CpSVp 


Horizontal character pitch 


Number of horizontal 
characters 


6 to 8 dots 


2 to 128 digits 
(an even number) 


Display Data 
RAM 
Liquid Crystal 
Display Mode 
from MPU 
Display Panel 


Character 
Character code 


~ 
display 
(8 bits) 
try be bs b4 ~ 
b2 b1 bo - 
: 
: 
, 
, 
, 
, 
, 
C 
, 
, 
, 
, 
, 
A 
B 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
: 
, 
, 
, 
, 
, 
, 
, 
j 
, 
, 
, 
, 
, 
, 
, 
: 
, 
, 
, 
, 
: 
: 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
: 
: 
, 
I 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
: 
, 
I 
I 
I 
I 
, 
, 


Start 
~ 
0111010101010T1 


address 
011101010101110 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
, 
, 
, 
, 
, 
I 
, 
, 
, 
, 
, 
, 
, 
, · 
, 
, 
, 
: 
: 
Hp: 6, 7, or 8 dots 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
, 
, 
, 
, 
, 
, 


Graphic 
Display pattern 
bo 
try, 
Hp 
(8 bits) 
try be bs b4 b3 b2 b1 bo 
~ 
I 
, 
, · · 
, 
, 
, 
••• 
, 
, 
, 
, 
, 
, · 
, 
, · 
, 
, 
, 
, 
: 
, 
, 
, 
, 
, 
, 
, · 
, 
, 
, 
, 
, 
, · 
, 
, 
, 
, 
, 
, 
: 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, · 
, 
8 dots 
8 dots 
, 
, 
, · 
, · 
, 
· 
, 
, 
, 
, · 
, 
, 
: 
, · 
, 
, · 
, 
· · 
, 
, 
, 


Start 
~ 
011101110111011 


address 
111111111111111 
, 
, 
, 
, 
, 
, 
, 
, · 
, 
, . 
, 
, 
, · 
: 
, 
, 
, 
, 
, 
, 
, 
, 
, · 
, 
, · 
, 
, 
, · 
I 
, 
: 
, 
I 
: 
: 
Hp: 8 dots 
, 
, 
, 
, 
, 
, · 
, 
, 
, 
, 
: 
, · 
, 
I 
: 
: 
, · 
, 
, 
• 


xxxx0111 


-... 


x x x X 1000 
..... 


XXXX1001 
1::1 


XXXX1010 
1=: 


Example of Correspondence between External CG ROM Address Data and 
Character Pattern 


A10 


A9 
AS 


A 7 


AS AS A4 A3 A2 A1 AO 00 0, 


000 


001 
o 
1 
0 
o 
1 
1 
o 
0 
0 
0 
1 
0 
0 


1 
0 
1 


1 
1 
0 


1 
1 
1 


000 
o 
0 
1 
o 
1 
0 
o 
1 
1 


1 
0 
0 


1 
0 
1 
1 
1 0 


1 
1 
1 


000 


~ 


All 
0 
0 
0 
Al0 
0 
0 
0 
A 9 
0 
0 
1 
AS 
0 
1 
0 
A7 AS AS A4 A3A2Al 
AO.~? 


O. Os O. 07 00 0, 
O2 03 O. Os O. 07 
000 
0 
0 
o 
0 
o 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
1 
I» 
o 
0 
o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0••••. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
o ii> 
0 
0 
0 
0 
0'% 
0 
0 
1 
0 
000 
0 
0 
0 ouo 
0 
o W!i: 
0 
0 
0 
1 
0 
lr;n:O 
otWo 
0 
0 
0 
0 
0}~.~q~0 
0 
0 
1 
1 o (@ 0 
0 
o in, 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 &);000 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 o !ill; 0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
oM); 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
• 


Liquid crystal 
display module 


Liquid crystal 
display module 


Liquid crystal 
Liquid crystal 
display module (1) display module (2) 


Driving both of two 
module by same 
common signal 


Liquid crystal 
Liquid crystal 
display module (1) display module (2) 


Driving both of two 
module by same 
common signal 


H06800 
HD61830 


A" 
RS 
WE 
~:; 
MAc. 


10 


A" 
CS 
MA,. 
A•• 
VMA 
MAtt 


D. 
DB. 
M~t2 
to 
to 
MA,. 
D, 
DB7 
MA,. 
••2 
E 
MD. 
RIW 
RIW 
to 
MD, 


RD. 
ROM 
to 
RD, 
HN462716 


0, 
0, 
FLM 
FLM 
SYNC 
MB 
MB 
Open 
CPO 
Cl, 
Cl, 


Vcc 
RES 
Cl.o 
Cl.o 
lCDmodule 
D. 
D. 
LM 200 
MA 
+5 V 
GND 
-5V 
V 
+5V 
GND 
-6V 


j--------------------l 


I 


08.-08, 
0 
HD6800 
HD61830 
0 
MPU 
CSE 
controller 
RSRIW 
Cl,Cl 
RES 
MB, FLM 


lCD 


WE 


RAM 
16 kbits 
CMOS 


~-A, 


Do 
100, 


HD6303 
HOO1830B 


Ao 
WE 


A, 
M~ 
to 
10 
MA,O 
A,. 
OE 
Decoder 
CE 
Do 
geo 
MA" 
to 
MA,. 
0, 
DB7 
to 
MA,. 
E 
E 
MOo 


RIW 
RIW 
to 
MD7 


0, 
FLM 
MB 
CL, 
Clo 
LCD module 
D. 
LM·2OQ 
+SV 
GND 
-5V 


Vo 


:---------------------, , 
I, 
I, 
I 


OB.-OB, 


HD6303 
HOO1830B 
MPU 
CS E 
controller 
RSRIW 
RES 
CL"Clo 


MB,FLM 


RAM 


16 kb/lS 


CMOS 


Item 
Symbol 


Supply voltage 
Vcc 


Terminal voltage 
VT 


Operating temperature 
Topr 


Storage temperature 
Tstg 


Notes: 1. All voltages are referenced to GND - 0 V. 


2. If LSls are used beyond absolute maximum ratings, they may be permanently destroyed. 
We strongly recommend that you use the LSls within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 


-0.3 to +0.7 


-0.3 to Vcc +0.3 


-20 to +75 


HD61830!HD61830B 


HD61830 Electrical 
Characteristics 
(Vcc = 5 V±10%, 
GND = 0 V, Ta = -20 to +75°C) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


input high voltage (TTL) 
V1H 
2.2 
Vcc 
V 


Input low voltage (TTL) 
V1L 
0 
0.8 
V 


Input high voltage 
V1HR 
3.0 
Vcc 
V 


Input high voltage (CMOS) 
V1HC 
0.7 Vcc 
Vcc 
V 


Input low voltage (CMOS) 
VILC 
0 
0.3 Vcc 
V 


Output high voltage (TTL) 
VOH 
2.4 
Vcc 
V 


Output low voltage (TTL) 
VOL 
0 
0.4 
V 


Output high voltage (CMOS) 
VOHC 
Vcc-0.4 
Vcc 
V 


Output low voltage (CMOS) 
VOLC 
0 
0.4 
V 


Input leakage current 
IIN 
-5 
5 
J.l.A 


Three-state leakage current 
'TSL 
-10 
10 
J.l.A 


Power dissipation (1) 
Pw1 
10 
15 
mW 


Power dissipation (2) 
Pw2 
20 
30 
mW 


Test Condition 
Notes 


1 


2 
3 


4 


4 


-iQH - 0.6 mA 
5 
iOL -1.6 mA 
5 


-iOH •• 0.6 mA 
6 
iOL - 0.6 mA 
6 


V,N-O-VCC 
7 


VOUT-O-VCC 
8 


CR oscillation 
9 
fosc- 500 kHz 


External clock 
9 
fee= 1 MHz 
~~~e!~~~~~:~3P~!~~~~ 
_ 


Clock oscillation frequency 
fosc 
400 
500 
600 
kHz 
Cf - 15 pF ±5% 
10 
R, -39 kn±2% 
_~X~!~~~:~~~~~~~~t~_~ 
_ 


Ex1ernalclock operating 
fcp 
100 
500 
1100 
kHz 
11 
frequency 


External clock duty 
Duty 
47.5 
50 
52.5 
% 
11 


External clock rise time 
tree 
0.05 
I.I.s 
11 


External clock fall time 
tfee 
0.05 
J.l.s 
11 


Pull-up current 
ipL 
2 
10 
20 
).I.A 
V1N= GND 
12 


Notes: The va terminals have the following configuration: 


1. 
Applied to input terminals and 110 common terminals, except terminals ~. 
CR, and RES. 
2. 
Applied to input terminals and 110 common terminals, except terminals ~ 
and CR. 


3. 
Applied to terminal RES. 
4. 
Applied to terminals SYNC and CR. 


5. 
Applied to terminals OBO-OB]. WE, MAo-MA15, and MOO-MO]. 
6. 
Applied to terminals SYNC, CPO,FLM, CL1, CL2, 01, O2, MA, and MB. 
7. 
Applied to input terminals. 


8. 
Applied to 110 common terminals. However. the current which flows into the output drive MOS is 
excluded. 


9. 
The current which flows into the input and output circuits 
is excluded. 
When the input of CMOS 
is in the intermediate 
level, current flows through 
the input circuit, resulting 
in the increase 
of 
power supply current. 
To avoid this, input must be fixed at high or low. 
The relationship 
between 
the operating 
frequency 
and the power dissipation 
is given below. 


§' 
50 
oS 
~ 
0- 


40 


1000 
1250 
1500 


fosc 
(kHz) 


10. Applied to the operation 
of the internal oscillator 
when oscillation 
resistor 
Rt and oscillation 
capacity 
Ct are used. 


R 
Cf z 15 pF±5% 
Rt- 
39 kn±2% 
Rt 
C 
(when fosc = 


Ct 
500 kHz typ) 


CR 


fosc 
(kHz) 


800 
I 
\ 
I 
\ 
\ 
\ 
"-'"" 


.••.•.......... 


-- 
""""- ----- 


160 
180 
Rt(kn) 


0.7 Vcc 
0.5 Vcc 
0.3 Vcc 


Duty cycle - 
T Th 
T 
x 100% 
h + 
I 


Applicable terminal: CSt E. RS. RIW. IrnS, CR 
(without pull-up MOS) 


Applicable terminal: CLlt C~. 
MA. MB, FLM, 
D1•~. 
WE". OR. cr. MAo-MAls 


Applicable terminal: DBo-DB7. SYNC. MOo- 
~ 
(MDo-~ 
have no pull-up MOS) 


Applicable 
terminal: 
RDo-R~ 
(with 
pull-up 
MOS) 


Vcc 
;-------------1-- Enable 
: 


Output circuit 
(three state) 


Timing Characteristics 


HD61830 MPU Interface 
(Vcc = 5 V±10%, 
GND = 0 V, Ta =-20 
to+7S°C) 


Item 
Symbol 
Min 


Enable cycle time 
tevc 
1.0 


Enable pulse width 
High level 
tWEH 
0.45 


Low level 
tWEL 
0.45 


Enable rise time 
tEr 


Enable fall time 
tEl 


Setup time 
tAS 
140 


Data setup time 
tosw 
225 


Data delay time 
tOOR 


Data hold time 
tOHW 
10 


Address hold time 
tAH 
10 


. Data hold time 
tOH 
20 


Note: • The following load circuit is connected for specification: 


tevc 


tWEH 
tWEL 


080-087 
(MPU~HD61830) 


080-087 
(MPUt-HD61830) 


RL = 2.4 kn 
R=11kn 
C = 130 pF (C includes jig capacitance) 
Diodes 01 to 04: 152074(8) 


Unit 


J1s 


J1s 


J1S 


ns 


HD61830IHD61830B 


HD61830 External RAM and ROM Interface 
(Vcc =s V±10%, GND =0 V,T. =-20 to +7S°C) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 


SYNC delay time 
tOSY 
200 
ns 


SYNC pulse width 
High level 
tWSY 
900 
ns 


CPO cycle time 
tecpo 
900 
ns 


CPO pulse width 
High level 
tWCPOH 
450 
ns 


Low level 
tWCPOL 
450 
ns 


MAo to MA15 refresh delay time 
tOMAR 
200 
ns 


MAo to MA15 write address 
delay time 
tOMAW 
200 
ns 


MOo to M07 write data delay time 
tOMOW 
200 
ns 


MOo to M07• ROo to R07 setup time 
tSMO 
900 
ns 


Memory 
address setup time 
tSMAW 
250 
ns 


Memory 
data setup time 
tSMOW 
250 
ns 


WE delay time 
tOWE 
200 
ns 


WE pulse width (low level) 
tWWE 
450 
ns 


Notes: 
1. 
No load is applied 
to all the output 
terminals. 


2. "*" indicates 
the delay time 
of RAM and ROM. 


tWCL1 


tOCL2 


tWCL2 


High level 
tWCH 


Low level 
tWCL 


MA, MS delay time 
tMO 


FLM delay time 
tOF 


Data delay time 
tOD 


Data setup time 
tso 
250 


Note: No load is applied to all the output terminals (MA, MS, FLM, 01, and O2). 


8061830 LCD Driver Interface 
(Vcc = 5 V±10%, 
GND = 0 V, Ta = -20 to +75°C) 


Clock pulse width (high level) 


Clock delay time 


Clock cycle time 


Clock pulse width 


Mln 


450 


900 


450 


450 


300 


300 


200 


Item 
Symbol 


Supply voltage 
Vcc 


Terminal voltage 
Vr 


Operating temperature 
Topr 


Storage temperature 
Tslg 


Notes: 1. All voltage is referred to GND • 0 V. 


2. If LSls are used beyond absolute maximum ratings, they may be permanently destroyed. 


We strongly recommend that you use the LSls within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 


-0.3 to +0.7 


-0.3 to Vcc +0.3 


-20 to +75 


HD61830B Electrical 
Characteristics 
(Vcc = SV ±10%, GND = 0 V, Ta = -20 to +7S°C) 


-IOH 
.0.6mA 


lex. = 1.6 mA 


-IOH 
=0.6mA 


101=0.6 
mA 


VIN = O-VCC 


VOUT - O-VCC 


Vin=GNO 


External clock 


fcp - 2.4 MHz 


1. 
Applied 
to input terminals 
and VO common 
terminals, 
except terminals 
SYNC, CR, and RES. 
2. 
Applied 
to input terminals 
and VO common 
terminals, 
except terminals 
SYNC and CR. 


3. 
Applied 
to terminal 
RES. 
4. 
Applied to terminals 
SYNC and CR. 


5. 
Applied to terminals 
OBo-OB1, WE, MAo-MA15• 
OE, CE, and MOo-MOl' 
6. 
Applied to terminals 
SYNC, FLM, CL1, 
CL2, 010 O2• MA. and MB. 


7. 
Applied to input terminals. 
8. 
Applied to 1/0 common 
terminals. 
However. the current which flows into the output drive MOS is 
excluded. 


9. 
Applied 
to SYNC. OBo-OB1• and ROo-R01. 
10. The current which flows into the input and output circuits is excluded. 
When the input of CMOS 
is in the intermediate 
level, current flows through the input circuit, resulting 
in the increase 
of 
power supply current. To avoid this, input must be fixed at high or low. 


Input high voltage 
(TIL) 


Input low voltage 
(TIL) 


Input high voltage 


Input high voltage 
(CMOS) 


Input low voltage 
(CMOS) 


Output 
high voltage 
(TIL) 


Output 
low voltage 
(TIL) 


Output 
high voltage 
(CMOS) 


Output 
low voltage 
(CMOS) 


Input leakage current 


Three-state 
leakage current 


Pull-up current 


Power dissipation 


Symbol 


V1H 


V1L 


V1HR 


V1HC 


VILC 
VOH 


VOL 


VOHC 


VOLC 


IIN 
ITSL 
IpL 
Pw 


0.7Vcc 
o 


2.4 


o 


Vcc- 
0.4 


o 


-5 


-10 


2 


Max 


Vcc 


0.8 


VCC 
Vcc 


0.3 Vcc 
VCC 


0.4 


Vcc 


0.4 


5 


10 


20 


V 


V 


V 


V 


V 


V 


V 


V 


V 


~A 


~A 


~A 


mW 


Applicable tenninal: CS, E, RS, R/W, m, CR 
(without pull-up MOS) 


Applicable tenninal: CLI, CLz, MA, MB, FLM, 
01, ~, 
WE, OR, cr, MAo--MAls 
-c 


Applicable tenninal: oBo-oB7, 
SYNC, MOo- 
~ 
(MDo-~ 
have no pull-up MOS) 


:t-j 


(Pull·up 
MOS) 


Applicable 
tenninal: 
Roo-R~ 
(with 
pull-up 
MOS) 


Vcc 
-----.....---'0- Enable 


PMOS 


Output circuit 
(three state) 


Timing Characteristics 


HD61830B Clock Operation 
(Vcc = 5 V ±10%, GND = 0 V,T. = -20 to +7S°C) 


Item 
Symbol 
Mln 


External clock operating 
fcp 
100 
frequency 


External clock duty 
Duty 
47.5 


External clock rise time 
trcp 


External clock fall time 
tfcp 


SYNC output hold time 
tHSYO 
30 


SYNC output delay time 
tDSY 


SYNC input hold time 
tHSYI 
10 


SYNC input set-up time 
tSSY 


Notes: 1. Applied to external clock input terminal. 


SYNC 
(Output: 
at mastermode) 


Test 0----1 
point 
I 


CL 


Max 
Unit 


2400 
kHz 


52.5 
0/0 


25.0 
ns 


25.0 
ns 


ns 


210 
ns 


os 


180 
os 


1; 


O.7Vcc 
O.5Vcc 
O.3Vcc 


1 


1 


1 


2,3 


2,3 


2 


2 


"" 
Dutycycle= T 
h 
~ 1; x 100% 


CL = 30pF 
ICL includesiig capacitance) 


HD61830B MPU Interface 
(Vcc = 5 V±10%, 
GND = 0 V, T. =-20 
to +7S°C) 


Item 


Enable cycle time 


Enable pulse width 


Symbol 


tevc 


tWEH 


tWEL 


tEr 


High level 


Low level 


Mln 


1.0 


0.45 


0.45 


Enable fall time 
tEl 


Setup time 
tAS 
140 


Data setup time 
tosw 
225 


Data delay time 
tDDR 


Data hold time 
tDHW 
10 


Address hold time 
tAH 
10 


Data hold time 
tDH 
20 


Note: • The following load circuit is connected for specification: 


DBo-DB7 


(MPU--+H061830B) 


DBo-DB7 


(MPU<-H061830B) 


Test 
point 


RL=2.4kQ 
R = 11 kQ 
C = 130 pF (e includes jig capacitance) 
Diodes 0, to 04: 
1S2074@ 


Unit 


~ 
~ 
~ 


2.2V 


MAo-MA'6 
0.6V 


MOo-MO] 
(Input) 


2.2V 


0.8V 


2.2V 


0.8V 


*1 
This figures 
shows the timing for Hp • 8. 
For Hp • 7, time shown by "b" becomes 
zero. For Hp • 6, time shown by "a" and "b" become 
zero. 
Therefore, 
the number of clock pulses during T1 become 
4, 3, or 2 in the case of Hp • 8, 


Hp • 7, or Hp • 6 respectively. 


*2 
The waveform 
for instructions 
with memory 
read is shown with a dash line. In other cases, 
the waveform 
shown with a solid line is generated. 
*3 
When an instruction 
with RAM read/write 
is executed, 
the value of cursor address 
is output. 


In other cases, 
invalid data is output. 
*4 
When an instruction 
with RAM read is executed, 
HD61830B 
latches the data at this timing. 
In 


other cases, this data is invalid. 


Test 
point 


RL=2.4kQ 
R =llkQ 
C = 50 pF IC includes 
iig capacitance) 
Diodes 0, 
to 04: 
152074(8) 


HD61830/HD61830B 


HD61830B 
LCD 
Driver 
Interface 


(Vcc = 5 V ±10%, 
GND = 0 V, T. = -20 
to +7S°C) 


Item 
Symbol 
Mln 
Typ 
Max 
UnIt 
Notes 


Clock cycle time 
tWCL2 
416 
ns 
1,3 


Clock pulse width 
twcH 
150 
ns 
1,3 
(high level) 


Clock pulse width 
tWCL 
150 
ns 
1,3 
(low level) 


Data delay time 
too 
50 
ns 
1,3 


Data hold time 
tOH 
100 
ns 
1,3 


Clock phase difference 
(1) 
tell 
100 
ns 
1,3 


Clock phase difference 
(2) 
teL2 
100 
os 
1,3 


Clock phase difference 
(3) 
teL3 
100 
ns 
1,3 


MA, MB delay time 
tOM 
-200 
200 
ns 
1,3 


FLM set-up time 
tSF 
400 
ns 
2,3 


FLM hold time 
tHF 
1000 
ns 
2,3 


MA set-up time 
tSMA 
400 
ns 
2,3 


MA hold time 
tHMA 
1000 
ns 
2,3 


O.7Vcc 
O.3Vcc 


O.7Vcc 
O.3Vcc 
tWCH 


tOH 


O.7Vcc 
O.3Vcc 


O.7Vcc 
O.3Vcc 


tHF 


O.7Vcc 
O.3Vcc 


tSMA 
tHMA 


O.7Vcc 
O.3Vcc 


Test0..----- 
.• 
point 
~ 
CL 
* 


CL = 100 
F (CL includes ii9) 
p 
capacItance 
• 


HD63645/H D64645/H D64646 
LCTC (LCD Timing Controller) 


Description 


The HD63645/HD64645/HD64646LCTCis a 
control LSI for large size dot matrix liquid 
crystal displays. The LCTCis software com- 
patible with the HD6845 CRTC. since its 
programming method of intemal registers 
and memory addresses is based on the CRTC. 
A display system can be easily converted 
from a CRTto an LCD. 


The HD64646 LCTCis a modified version of 
the HD64645LCTCwith different LCDinter- 
face timing. 


The LCTC offers a variety of functions and 
performance features such. as vertical and 
horizontal scrolling, and various types 
of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAMrefresh address 
output. 


A compact LCDsystem with a large screen 
can be configured by connecting the LCTC 
with the HD66204 (column driver) and the 
HD66205 (common driver) by utilizing 4-bit 
x 2 data outputs. Power dissipation has been 
lowered by adopting the CMOSprocess. 


• 
Software compatible with the HD6845 
CRTC 
• 
Programmable screen size: 
-Up to 1024dots (height) 
-Up to 4096 dots (width) 
• 
High-speed data transfer: 
-Up to 20Mbits/s in character mode 
-Up to 40 Mbits/s in graphic mode 
.• 
Selectable single or dual screen configu- 
ration 
• 
Programmable multiplexing duty· ratio: 
static to 1/512duty cycle 
• 
Programmable character font: 
-1-32 dots (height) 
-8 dots (width) 


• 
Versatile character 
attributes: 
reverse 
video, 
blinking, 
nondisplay 
(white), 
nondisplay (black) 


• 
OR function: superimposing characters 
and graphics display 


• 
Cursor with programmable height, blink 
rate, display position, and on/off switch 
• 
Vertical Smooth Scrolling and horizontal 
scrolling by the character 
• 
Versatile display modes programmable 
by mode register or extemal pins: display 
on/off, graphic or character, normal or 
wide, attributes, and blink enable 
• 
Refresh address output for dynamic RAM 
• 
4- or 8-bit parallel data transfer between 
LCTCand LCDdriver 
• 
Recommended LCDdriver: 
HD66204, HD66214T and 
HD66224T 
(column) 
HD66205and HD66215T(common) 
HD66106F and 
HD66107T 
(column/ 


common) 
HD66110RT(column) 


• 
CPUinterface: 
68 family HD63645 
Z80family HD64645,HD64646 
• 
CMOSprocess 
• 
Single +5 V ±10% 


Differences Between Products 
HD63645, 
HD64645 
and HD64646 


CPU 
Interface 


Bus Timing 


Pin 
Arrengement 
andSignal 
name 


Other 


HD63645 
HD64645 
HD64646 
68 family 
Z80family 
Z80family 


2MHz 
4MHz 
4MHz 


Pin 41: RNV Pin 41: RD 
Pin 41: RD 
Pin 42: E 
Pin 42: WR 
Pin 42: WR 


modified 
LCD driver 
interface 
timing 


68 family 2 M Hz bus 
SO-pinplastic 
zao family 4 MHzbus 
QFP(FP-SOBI 


Z80family 4 MHzbus 
SO-pinplastic 
OFP(FP-SOB) 


HD64645F 
HD64646FS 


O•... 
NM.~ 
~<~~~~~<~~««« 
~~~~~~~~~~~~~~~~ 
at~t::;t~:.~t:;:;Ii?,t~,~ 


MOO 
' 


MOl 
M02 
, 
M03 
M04 
M05 
MOB 
M07 
M08 
M09 
MOlD" 
MOll12 
M012 
I) 
M013 
u, 
M014 
" 
M015 
•• 
Veel 
17 
l03 
l02 
LDl 
LOO 
)1 
LU3 
n 
lU2 
lUI 


M RAO 
" 
RAI 
"RA2 
.1 RA3 
•• RA4 
" GNOI 
"G~ 
" AT 
"IS 
"O~ 
" 
WIDE 
"oN/Off 
" MODE 
, BlE 


JO DB? 
•• DBe 
•• OB!5 
q DB" 
•• DB] 
d DBl 
•• DBl 


43 OBo 
o RiW(RO) 
•• E(WRI 


HD63645/HD64645/HD64646 


Pin Description 


Symbol 
Pin Number 
I/O 
Name 


Vcc1, Vcc2 
17,32 
Vcc 


GND1,GND2 
37,59 
Ground 


LUO-LU3 
22-25 
0 
LCD Up Panel Data 0-3 


LDO-LD3 
18-21 
0 
LCD Down Panel Data 0-3 


CL1 
28 
0 
Clock One 


CL2 
29 
0 
Clock Two 


FLM 
27 
0 
First Line Marker 


M 
26 
0 
M 


MAO-MA15 
65-80 
0 
Memory Address 0-15 


RAO-RA4 
60-64 
0 
Raster Address 0-4 


MDO-MD7 
1-8 
I 
Memory Data 0- 7 


MD8-MD15 
9-16 
I 
Memory Data 8-1 5 


DBo-DB7 
43-50 
I/O 
Data Bus 0-7 


CS 
39 
I 
Chip Select 


E 
41 
I 
Enable (HD63645 
Only) 


R/W 
42 
I 
Read/Write (HD63645 
Only) 


WR 
41 
I 
Write (HD64645 
and HD64646) 


RD 
42 
I 
Read (HD64645 
and HD64646) 


RS 
40 
I 
Register Select 


RES 
38 
I 
Reset 


DCLK 
33 
I 
o Clock 


MCLK 
34 
0 
M Clock 


DISPTMG 
35 
0 
Display Timing 


CUDISP 
36 
0 
Cursor Display 


SKO 
30 
I 
Skew 0 


SK1 
31 
I 
Skew 1 


ON/OFF 
53 
I 
On/Off 


BLE 
51 
I 
Blink Enable 


AT 
57 
I 
Attribute 


G/C 
58 
I 
Graphic/Character 


WIDE 
54 
I 
Wide 


LS 
56 
I 
Large Screen 


D/S 
55 
I 
Dual/Single 


MODE 
52 
I 
Mode 


Pin Functions 


Power 
Supply 
(Vccl, Vcc2, GND) 


Power 
Supply 
Pin 
(+5 V): Connect 
Vce1 
and Vce2 with +5 V power supply circuit. 


Ground 
Pin 
(OV): 
Connect 
GND1 and 
GND2 with OV. 


LCD Up 
Panel 
Data 
(LUo-LU3), 
LCD 
Down 
Panel 
Data 
(LDO-LD3): LUO-LU3 
and LDO-LD3output LCD data as shown in 
table 1. 


Clock One (CL1): CL1supplies timing clocks 
for display data latch. 


Clock Two (CL2): CL2supplies timing clock 
for display data shift. 


First 
Line Marker 
(FLM): FLM supplies 
first line marker. 


M (M): M converts liquid crystal drive output 
toAC. 


Memory 
Address 
(MAo-MA15): 
MAO- 


MA15supply the display memory address. 


Raster 
Address 
(RAo-RA4): 
RAO-RA4 
supply the raster address. 


Memory 
Data 
(MDO-MD7): 
MDO-MD7 
receive 
the 
character 
dot 
data 
and 
bit- 
mapped data. 


Memory 
Data 
(MDB-MD15): MD8-MD15 
receive attribute 
code data and bit-mapped 
data. 


Data 
Bus 
(DBO-DB7): 
DBO-DB7 send/ 
receive data 
as a three-state 
I/O common 
bus. 


Chip Select 
(CS): CS selects a chip. Low 
level enables MPU read/write 
of the LCTC 
internal registers. 


Enable 
(E): 
E receives 
an enable 
clock. 


(HD63645 only). 


Read/Write 
(R/W): R/W enables MPUread 
of the LCTC internal registers when R/W is 
high, and MPU write when low (HD63645 
only). 


Write 
(WR): WR receives MPU write signal 


(HD64645 and HD64646). 


Read 
(RD): RD receives MPU read signal 


(HD64645 and HD64646). 


Register 
Select 
(RS): RS selects registers. 
(Refer to table 5.) 


Reset 
(RES): RESperforms external reset of 
the LCTC. Low level of RES stops and zero- 
clears the LCTCinternal counter. No register 
contents are affected. 


Timing 
Signal 


D Clock (DCLK): DCLKinputs the system 
clock. 


M Clock (MCLK): MCLKindicates memory 
cycle; DCLKis divided by four. 


Display 
Timing 
(D1SPTMG): 
DISPTMG 
high indicates that the LCTC is reading dis- 
play data. 


Cursor 
Display 
(CUDISP): 
CunISP 
sup- 
plies cursor 
display timing; connect 
with 
MD12in character mode. 


Skew 0 (SKO)/Skew 1 (SKI): SKOand SK1 
control skew timing. Refer to table 2. 


Table 1 
LCD Up Panel 
Data and LCD Down Panel 
Data 


SingleS~ 


4-BIt D8ta 
a-Bit D8ta 


LUO-LU3 
LDO-LD3 
Data output 
Disconnected 
Data output 
Data output 


Dual~ 


Data output for upper screen 
Data output for lower screen 


and WIDE are ORed with the mode register 
(R22) to determine the mode. 


On/Off 
(ON/OFF): 
ON!OFF switches 
dis- 
play on and off (High = display on). 


Blink Enable (BLE): BLEhigh level enables 
attribute 
code "blinking" (MD13) and pro- 
vides 
normal/blank 
blinking 
of 
specified 
characters for 32 frames each. 


Attribute 
(AT): 
AT 
controls 
character 
attribute functions. 


Graphic/Character 
(G/C): 
G/C switches 
between graphic and character display mode 
(graphic display when high). 


Wide 
(WIDE): 
WIDE switches 
between 
normal and wide display mode (high = wide 
display, low = normal display). 


Large Screen 
(1.8): LS controls 
a large 
screen. LS high provides a data transfer rate 
of 40 Mbits/s for a graphic display. Also used 
to specify 8-bit LCDinterface mode. For more 
details, refer to table 10. 


Dual/Single (0/8): DIS switches between 
single and dual screen display (dual screen 
display when high). 


Mode (MODE): MODE controls easy mode. 
MODE high sets duty ratio, maximum num- 
ber of rasters, cursor start/end 
rasters, etc. 


(Refer to table 9.) 


SKO 
o 
1 
o 
1 


SK1 
o 
o 
1 
1 


Sk_ 
Function 


No skew 
1-character time skew 
2-character 
time skew 
Prohibited combination 


Function Overview 


LCD and CRT Display Systems 
Main 
Features 
of 
H063645/H064645/ 
H064646 
Figure 
1 shows 
a system 
using 
both 
LCD and 
CRT displays. 


High-resolution 
liquid 
crystal 
display 
screen 
control 
(up to 720 x 512 dots) 


Software 
compatible 
with 
HD6845 
(CRTC) 
Built-in 
character 
attribute 
control 
circuit 


Screen Format 
• Programmable horizontal scanning cycle by the character clock 
period 
• Programmable multiplexing duty ratio from static up to 1/512 
• Programmable number of vertical displayed characters 
• Programmable number of rasters per character row (number of 
vertical dots within a character row + space between character 
rows) 
_._---_._---_._._._._._---- 
..--------------_._--------._---_._._--------------------------------------------------------._----. 


Cursor Control 
• Programmable cursor display position, 
corresponding 
to 
RAM 
address 
• Programmablecursor height by setting display start/end rasters 
• Programmable blink rate, 1/32 or 1/64 frame rate 
-------------------_.-- 
..--.-.-------------_._----------------------_._._-------------_._._------------------------------------ 


Memory Rewriting 
.Time 
for rewriting memory set either by specifying number of 
horizontal total characters or by cycle steal utilizing MCLK 
-----------------------_._--------------------------_._._---_.-._.--_.-._-----.--.-------------------------------------------_. 
Memory Addressing 
• 16-bit memory addressoutput, up to 64 kbytes x 2 memory acces- 
sible 
• DRAM refresh address output 
---_._._----------------------------------------------------------------------------------------------------------------------- 
Paging and Scrolling 
• Paging by updating start address 
• Horizontal scrolling by the character, by setting horizontal virtual 
screen width 
• Vertical smooth scrolling by updating display start raster 
------------.-----------------------------------_._-_.--_._-_._-_._---_._---------_.------------------_._---------------------- 
Character Attributes 
• Reversevideo, blinking, nondisplay (white or black), display ON/ 
OFF 


CRTC Compatible 
• Facilitates system replacement of CRT display with LCD 
-----------------------._-------_._._-_.--_._._---------_._----------------_._--------------------------------_._-------------- 
OR Function 
• Enables superimposing display of character screen and graphic 
screen 


• Single 5 V power supply 
.1/0 
TTL compatible except RES, MODE, SKO, SK1 
.Sus 
connectable with HMCS 6S00family 
(HD63645) 
.Sus 
connectable with 80 family (HD64645 and HD64646) 
• CMOS process 
• Internal logic fully static 
• SO-pin flat plastic package 


Uquid crystal 
display 
CRT 
(monochrome) 


Differences Between HD64645 and 
HD64646 


Figure 2 and figure 3 show the 
relation 
between display data transfer period, when 
display data shift clock CL2 changes, and 
display data latch clock CL1.Figure 2 shows 
the case without skew function and figure 3 
shows the case with skew function. 


In figure 2,high period between CL2and CLl 
of HD64645overlap. HD64646has no overlap 


like HD64645, and except for this overlap. 
HD64646 is the same as HD64645 function- 
ally. 


Also for the skew function, phase relation 
between CLl and CL2 changes. As figure 3 
shows, data transfer period and CLl high 
period of HD64646 never overlap with the 
skew function. 


CL1 
(HD64645) 


CL1 
(HD64646) 
______________ 
~ 
MCLK x 11 


Notes: 
fMcLK = Output 
frequency 
of MCLK 
fCl2 
= Output 
frequency 
of Cl2 
• 


HD63645/HD64645/HD64646 


CLl 
(HD64645) 


CLl 


(HD64646) ------~\ 


Cl2 
.(fcL2 = 2fMCLK) 


'----------ff 
•...-----------1 


Cll 
(HD64645) 


CLl 
(HD64646) 
______ 
~s 


Cl2 
(fcL2 = 2fMCLK) 


Gte 
AT 
LS 
DIS 
~~ 
MODE 
U 


Figure 4 
LCTCBlock Diagram 


HITACHI 


System Block Configuration 
Examples 


Figure 5 is a block diagram of a character/ 
graphic display system, Figure 5 shows two 
examples using LCDdrivers. 


HD63645/HD64645/H 
064646 
MPU Bus 


(WR) (RD) 


E.R/W 


DBO-DB7 


en 
CS.RS 
G/C 


) Moo._ 
" 
AT 
.c 


'iV 
en 
MAO-MA15 
LS 
c: 
Cl 
" 
D/S 
'iij 
.ci 
WIDE 
MODE 
'tl 
ON/OFF 
Display On/off 
~ 
en 
" 
MCLK 
BLE 
Blink enable 
.c 
DISPTMG 
l!l 
2 
SK 
co 
SK1 
0 


Reset 


CUDISP 


LUO-3 
LDO-LD3 
CLl 
CLl 
M 
RAO-MD4 
FLM 


LCD 
Module 


Pl0-P17 
It 


RS 


I 
Decoder 
t---< 
CS 


SC2 (R;Vi7) 
RiW 


HD6301 
HD63645 
MPU 
LCTC 


E 
E 


P3o-P37 
DBo-DB7 


RES 
RES 


RESET 


Note: HD6301 
is set in mode 5. Pl 0-P17 
are used as output 
ports, and 
P30-P37 
as data buses. SC2 outputs 
RIW here. 


Interface between HD6301 
and HD63645 


Ao-A,6 
RS 


IDE 
CS 


RO 
RD 


HD64180 
HD64645 


MPU 
HD64646 


WR 
WR 
LCTC 


00-07 
DBo-DB7 


RES 
RES 


Note: 
In 80 family MPUs, I/O space is separate from memory space in 
software. 
Thus the LCTC, a part of I/O, needs the ORed signals 
of the interface signals and IDE. So IDE and RD, and IDE and 
WR should be ORed to satisfy tAS, the timing of CS, RD, and 
WR. 


Figure 6 
Interface to MPU 
HITACHI 


I Dual screen I 


LUO- 
LU3 
4 


FLM 


CLl 
CL2 
M 


LCTC 


LDO- 
LD3 
4 


I Single screen I 


LUO- 
LU3 


Table 4 shows the register mapping. Table 5 
describes their function. Table 6 shows the 
differences between CRTCand LCTC regis- 
ters. 


Table 4 
Registers Mapping 


Addrwa 
RegistIIr 
Reg. 
Dat8 Bit 
Ci RS 432 
1 0 no. 
RegistIIr Name 
Program Unit 
SymboIR/W 
7 
6 
5 
4 
3 
2 
0 


1 
Invalid 
0 
0 
----- 
AR 
Address Register 
W 
0 
1 
00000 
RO 
Horizontal Total Characters 
Charaeter3 
Nht 
W 


0 
1 
00001 
R1 
Horizontal Displayed Char.s 
Character 
Nhd 
W 
0 
1 
01001 
R9 
Maximum Raster Address 
Raster 
Nr 
W 
0 
1 
01010 
R10 Cursor Start Raster 
Raster4 
Ncs 
W 
0 
1 
01011 
R11 Cursor End Raster 
Raster 
Nee 
W 
0 
1 
01100 
R12 Start Address (H) 
Memory Address - 
R/IN 


0 
1 
01101 
R13 Start Address (l) 
Memory Address - 
R/IN 


0 
1 
01110 
R14 Cursor Address (H) 
Memory Address - 
R/IN 


0 
1 
01111 
R15 Cursor Address (l) 
Memory Address - 
R/IN 


0 
1 
10010 
R18 Horizontal Virtual ScreenWidthCharacter 
Nir 
W 
0 
1 
10011 
R19 Multiplexing Duty Ratio (H) 
Raster3 
Ndh 
W 
0 
1 
10100 
R20 Multiplexing Duty Ratio (l) 
Raster3 
Ndl 
W 
0 
1 
10101 
R21 Display Start Raster 
Raster 
Nsr 
W 
0 
1 
10110 
R22 Mode Register 
-NoteS 
W 
ONI 
GIC 
WIDE 8LE 
AT 


OFF 


Notes: 
1. 
• 
•• 
: Invalid data bits 
2. 
R/W indicates whether write access or read access is enabled to/from 
each register. 
W: 
Only write accessible 
R/W: 
Both read and write accessible 
3. 
The ·value to be specified minus 1· should be programmed 
in these registers: 
RO, R1 and 
R20. 


4. 
Data bits 5 and 6 of cursor start register control the cursor status as shown below. 
(For more details, refer to page 27). 
B 
P 
CursorBlinkMode 
o 
0 
Cursor on; without 
blinking 
o 
1 
Cursor off 
1 
0 
Blinking once every 32 frames 
1 
1 
Blinking once every 64 frames 


5. 
The OR of mode pin status and mode register data determines the mode. 
6. 
Registers R2-R8, 
R16, 
and R17 are not assigned for the LCTC. Programming 
to these 
registers will be ignored. 
• 


Reg. 
No. 
Register Name 
Size(Bita) 
D88Criptlon 


AR 
Address Register 
5 
Specifies the internal control registers (RO. R1. 
R9-R15. 
R1a-R22) 
address to be accessed 


RO 
Horizontal Total Characters 
a 
Specifies the horizontal scanning period 


R1 
Horizontal Displayed Characters 
a 
Specifies the number of displayed characters per 
character row 


R9 
Maximum Raster Address 
5 
Specifies the number of rasters per character row. 
including the space between character rows 


R10 
Cursor Start Raster 
5+2 
Specifies the cursor start raster address and its 
blink mode 


R11 
Cursor End Raster 
5 
Specifies the cursor end raster address 


R12 
Start Address (H) 
16 
Specify the display start address 
R13 
Start Address (L) 


R14 
Cursor Address (H) 
16 
Specify the cursor display address 
R15 
Cursor Address (L) 


R1a 
Horizontal Virtual Screen Width 
a 
Specifies the length of one row in memory space 
for horizontal scrolling 


R19 
Multiplexing Duty Ratio (H) 
9 
Specify the number of rasters for one screen 
R20 
Multiplexing Duty Ratio (L) 


R21 
Display Start Raster 
5 
Specifies the display start raster within a character 
row for smooth scrolling 


R22 
Mode Register 
5 
Controls the display mode 


Table 6 
Internal Register Comparison between LCTCand CRTC 


Reg. 
No. 
AR 


RO 


R1 
R2 
R3 


R4 
R5 
R6 


R7 
R8 


R9 


R10 


R11 


R12 


R13 


R14 


R15 


R16 


R17 


R18 


R19 


R20 


R21 


R22 


LCTC HD83846/HD84845/HD64846 
Comparl8Ol1 


Address Register 
Equivalent to CRTC 


Horizontal Total Characters 


Horizontal Displayed Characters 


Maximum Raster Address 


Cursor Start Raster 


Cursor End Raster 


Start Address (H) 


Start Address (L) 


Cursor Address (H) 


Cursor Address (L) 


Particular to CRTC ; 


unnecessary for LCTC 


Address Register 


Horizontal Total Characters 


Horizontal Displayed Characters 


Horizontal Sync Position 


Sync Width 


Vertical Total Characters 


Vertical Total Adjust 


Vertical Displayed Characters 


Vertical Sync Position 


Interlace and Skew 


Maximum 
Raster Address 


Cursor Start Raster 


Cursor End Raster 


Start Address (H) 


Start Address (L) 


Cursor (H) 


Cursor (L) 


Ught Pen (H) 


Ught Pen (L) 


Particular to CRTC ; 


unnecessary for LCTC 


Horizontal Virtual Screen Width 
Additional 
registers for LCTC 


Multiplexing 
Duty Ratio (H) 


Multiplexing 
Duty Ratio (L) 


Display Start Raster 


Mode Register 


display screen and registers. Figure 9 shows a 
timing chart of signals output from the LCTC 
in mode 5 as an example. 


(R21) 
Start 
Raster 


Display 
Start 
Raster 
Address 
(R21) 


MCLK 
1.f1JUlJUUl 
JUU1JUUUUl __J1I1JLJl__JU1JlJlfUlJ 


DISPTMG 
J 
1 
1 


CUDISP Jl~ 
1l- 


(tf~~g) --.IJ.11.1l.1l1 


MAO-MA15 ~~~J2B2J2/2J2f2J2fJ2J2f2[1J2f2f2fJ:JJ.. 


__________ 
x 
_ 
_______________ 
,- ~~L~:l~ 
-I~ 
_ 
______________________~x~ 
_ 


~ 
JlJUUUUlJl_. 
flJ 


___ 
~ 
~~~~JlIIIIlX~;_hd_-l 
YJ. 


____ 
~~~~JJ:JJJJ:i_' 
YJ 


____ 
~~~~JJJJJJJ=2 
YJ. 


____ 
~~~~JJ:IJJJ:i~3 
YJ 


_YJ'f.'fJJJJJ'fJ~~~~JJJJ'JJj 
~YJ. 


~'IJJJJJJJJJ1'f1~~~~JJJJ'JJj 
YJ 


_YJ'f.'fJJJJJ'fJu--JJJJ'JJj 
YJ. 


~'IJJJJJJJJJ1'f1~~~~JJJJ'JJj 
YJ 


Note' : Relation between CL1 and CL2 in the case of HD64646 
is differene from 
one shown in this chart, Refer to 'Difference 
between HD64645 
and 


HD64646', 


Figure 9 
LCTCTiming Chart (In Mode6: Single Screen, 4-Bit Transfer, Normal 
CharacterDisplay) 


Cursor height 
Cursor blink mode 
The following cursor functions (figure 10) can 
be controlled by programming specific regis- 
ters. 


A cursor can be displayed only in character 
mode. Also, CUDISPpin must be connected to 
MD12pin to display a cursor. 


Cursor 
Height 


The LCTC supports two types 
of display 
modes; character mode and graphic mode. 
Graphic mode 2 is provided to utilize soft- 
ware for a system using the CRTC (HD6845). 


The display mode is controlled by an OR 
between the mode select pins (DIB, GIG, LS, 
WIDE,AT) and mode register (R22). 


Character Mode: Character mode displays 
characters 
by using CG-ROM.The display 
data supplied from memory is accessed in 8- 
bit units. A variety of character 
attribute 
functions are provided, such as reverse video, 
blinking, nondisplay (white or black),by stor- 
ing the attribute data in attribute RAM (A- 
RAM). 


Figure 11 illustrates 
the 
relation 
between 
character display screen and memory con- 
tents. 


Graphic Mode 1: Graphic mode 1 directly 
displays data stored in a graphic memory 
buffer. The display data supplied from mem- 
ory is accessed 
in 16-bit units. Character 
attribute 
functions or wide mode are not 
provided. Figure 12 illustrates 
the 
relation 
between graphic display screen and memory 
contents. 


Graphic Mode 2: Graphic mode 2 utilizes 
software 
for a 
system 
using 
the 
CRTC 


(HD6845). The display data supplied from 
memory is accessed in 16-bitunits. Character 
attribute 
functions or wide mode are not 
provided. The same memory addresses are 
output repeatedly the number of times spec- 
ified by maximum raster register (R9). The 
raster address is output in the same way as in 
character mode. 


Reverse 
Video 
+ 


Blinking 
+ 


VRAM 
ARAM 
(Char. 
(Attr. 


code) 
codel 
B-bit 
_B-bit 
7 
41 
OB 


42 
20 


43 
00 


I- 
I 
\ 
I 
I 
/ 
44 
00 


45 
00 


46 
00 
\ 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
• 


direction by the character, 
by setting 
the 
horizontal virtual screen width and updating 
the start address. This function is enabled by 
programming the horizontal virtual screen 
width register (R18). 


Horizontal virtual screen width can be speci- 
fied by the character in addition to the num- 
ber of horizontal displayed characters (figure 
13). 


M 
MM 
ARAM 
0 
VRAM 
DO 
ARAM 
VRAM 


7 
015 . 
8-bit 
8-dit 
1st 
Une 
2nd Une 
I 
I 
1 
FF 
55 


I 
I 
" 
1 
, , 
I I 
33 


I 
I 
I I 
I 
I I 
I 
I I 


I 
, 
I 


I 
I 
I 
I 


11 
I 
I 
00 
AA 


CC 


Horizontal 
displayed 
characters(R1) 


Horizontal 
virtual 
screen width(R18) 


R18 
I-- 
Rl 


Start Address 
~ 


0 
I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
__ J 


10 
11 
12 
13 


N 
e 
w 


L 
C 
T 
C 
u 


Perfonning 
horizontal 
scroll by updating 
the start address· 
Oto4 


Example: 


R 18 (Horizontal 
Virtual 
Soreen 
Width) 
= 10 


R 1 
(Horizontal 
Displayed 
Characters) 
=5 


Vertical smooth scrolling (figure15) is per- 
formed by updating the display start raster, 
as specified by the start raster register (R21). 
This function is offered only in character 
mode. 


The character to be displayed can be doubled 
in width, by supplying the same data twice 
(figure16). This function is offered only in 
character mode, and controlled either by bit 2 
of the mode register (R22) or by the WIDE 
pin. 


Raster 
0 
1 
2 
Address 
1 
2 
3 
2 
3 
4 
3 
4 
5 
4 
5 
6 
5 
6 
7 
6 
7 
7 


~> 


122334455667788 


WIDE = High 


The attribute functions are offered only in 
character mode, and controlled either by bit 0 
of the mode register (R22)or the AT pin. As 
shown in figure 18,a character attribute can 
be specified by placing the character code on 
MDO-MD7,and the attribute code on MDll- 
MD15.MD8-MD10are invalid. 


A variety of character 
attribute 
functions 
such as reverse video, blinking, nondisplay 
(white) or nondisplay (black) can be im- 
plemented by storing the attribute data in A- 
RAM (attribute 
RAM). Figure 17 shows a 
display example using each attribute func- 
tion. 
• 
D 


m 


MD Input 
15 
14 
13 
12 
11 
10-8 
7-0 


Non- 
Non- 
Reverse 
Function 
display 
display 
Blinking 
Cursor 
video 
*** 
Character Code 
(black) 
(white) 


OR 
Function -Superimposing 
Charac- 
ters and Graphics 


The ORfunction (figure19)generates the OR 
of the 
data 
entered 
into MDO-MD7 
(e.g. 


character data) and the data into MD8-MD15 
(e.g.graphic data) in the LCTCand transfers 


This function is offered only in character 
mode. and controlled by bit 0 of the mode 
register (R22)or by the ATpin. Any attribute 
functions are disabled when using the OR 
function. 


Graphic data 
(Character 
data) 
Character 
data 
(Graphic 
data) 


-----------, 
o 
I 
I 
I 
I 
I 
I 
I 
I 


The LCTC outputs 
the address for DRAM 
refresh while CL1is high. as shown in figure 
20. The 16refresh addresses per scanned line 
are output 16times. from $OO-$FF. 


The LCTC can specify the skew (delay) for 
CUDISP. DISPTMG. CL2 outputs 
and 
MD 


inputs. 


If buffer memory and character 
generator 
ROM cannot be accessed within one hori- 


zontal character display period, the access is 
retarded to the next cycle by inserting a latch 
to memory address output and buffer mem- 
ory output. The skew function retards 
the 
CUDISP. DISPTMG. CL2 outputs. 
and 
MD 
inputs in the LCTCto match phase with the 
display data signal. 


By utilizing this function. a low-speed mem- 
ory can be used as a buffer RAMor a charac- 
ter generator ROM. 


This function is controlled by pins SKOand 
SK1as shown in table 7. 


SKO 
o 
1 
o 
1 


SK1 
o 
o 
1 
1 


Sk_ 
Function 


No skew 
1 character time skew 
2 character time skew 
Inhibited combination 


L 


Display 
I 
Memory --f-- 
Address 


This mode utilizes software for systems using 
the CRTC (HD6845).By setting MODEpin to 
high, the display mode and screen format are 
fixed as shown in table 8. With this mode, 
software for a CRTscreen can be utilized in a 
system using the LCTC, without 
changing 
the BIOS. 


Automatic Correction of Down Panel 
Raster Address 


When the LCTC mode is set for character 
display and dual screen, memory addresses 
(MA)and raster addresses (RA)are output in 
such a way as to keep continuity of a display 
spread over the two panels. Therefore users 
can use the LCTC without considering the 
multiplexing duty"ratio (the number of verti- 
cal dots of a screen) or the character 
font. 
(See figure 21.) 


Reg. No. 


R9 
R10 
R11 
R18 
R19 
R20 
R21 
R22 


RegisterN.me 


Maximum raster address 
Cursor start raster 
Cursor end raster 
Horizontal virtual screen width 
Multiplexing duty ratio (H) 
Multiplexing duty ratio (L) 
Display start raster 
Mode register 


Fixed V.lue 
(decilNll) 


7 
6 
7 
Same value as (R1) 
99 (in dual screen mode) 
199 (in single screen mode) 
o 
o 


-----AB8------ 


System Configuration and Mode 
setting 


LCDSystem Configuration 


The screen configuration, single or dual, must 
be specified when 
using the LCD system 


(figure 22). 


Using the single screen configuration, 
you 
can construct an LCDsystem with lower cost 
than a dual screen system, since the required 
number of column drivers is smaller and the 
manufacturing process for mounting them is 
simpler. However, there are some limitations, 
such as duty ratio, breakdown 
voltage of a 
driver, and display quality of the liquid crys- 
tal, in single screen configuration. Thus, a 
dual screen configuration may be more suit- 
able to an application. 


The LCTC also offers an a-bit LCD data 
transfer function to support an LCD screen 
with a smaller interval of signal input termi- 
nals. For a general size LCD screen, such as 
640 x 200 single, or 640 x 400 dual, the usual 
4-bit LCDdata transfer is satisfactory. 


Hardware Configuration and Mode Set- 
ting 


The LCTC supports the following hardware 
configurations: 


Single or dual screen configuration 
4-or a-bit LCDdata transfer 


Character, graphic 1, or graphic 2 display 
Normal or wide display (only in character 
mode) 
OR or attribute display (only in character 
mode) 


Also, the LCTC supports up to 40 Mbits/s of 
large 
screeen 
mode 
(mode 13) for 
large 
screen display. This mode is provided only in 
graphic 1 mode. 


Table 9 shows the mode selection method 
according 
to 
hardware 
configuration 
and 
screen format. Table 10 shows how they are 
specified. 


Herdw•• 
Configuretlon 
S-Format 
S- 
Maximum 
LCD Dat. 
Configu- 
S- 
Character/ 
Normal! 
Attribute/ 
date tranafer 
Transfer 
ration 
Size 
Graphic 
Wide 
OR 
8p8Ild(M.> 
Mode No. 


4-bit 
Single 
. Normal 
Character 
Normal 
AT 
20 
5 
OR 


Wide 
AT 
10 
6 
OR 


Graphic 1 
20 
7 


Graphic 2 
20 
8 


Dual 
Normal 
Character 
Normal 
AT 
20 
1 
OR 


Wide 
AT 
10 
2 
OR 


Graphic 1 
20 
3 


Graphic 2 
20 
4 
Large 
Graphic 1 
40 
13 
8-bit 
Single 
Normal 
Character 
Normal 
AT 
20 
9 
OR 


Wide 
AT 
10 
10 
OR 


Graphic 1 
20 
11 


Graphic 2 
20 
12 


Note: 
Maximum 
data transfer speed indicates amount 
of the data read out of a memory. 
Thus. the 
data transfer speed sent to the LCD driver in wide function 
is 20 Mbps. 


HD63645/HD64645/HD64646 


Mode List 


Table 10 Mode List 


PIn N.me 
~ 
GnphIc/ 
om 
WIde 
No. Mode N.me 
DIS G/C LS WIDEAT 
Conrg. 
a-..:w 
TI'II1Ifw 
DiIpIIy 
Attribut8 


1 
Dual-screen 
1 
0 
0 
0 
0 
Dual 
Character 
4-bit 
Normal 
OR 


character 
1 
0 
0 
0 
1 
screen 
x2 
AT 


2 
Dual-screen 
1 
0 
0 
1 
0 
Wide 
OR 
wide character 
1 
0 
0 
1 
1 
AT 


3 
Dual-screen graphic 
1 
1 
1 
0 
0 
1 
Graphic 


4 
Dual-screen graphic 2 
1 
1 
0 
0 
0 
5 
Single-screen 
0 
0 
0 
0 
0 
Single 
Character 
4-bit 
Normal 
OR 


character 
0 
0 
0 
0 
1 
screen 
AT 
6 
Single-screen 
0 
0 
0 
1 
0 
Wide 
OR 
wide character 
0 
0 
0 
1 
1 
AT 
7 
Single-screen 
0 
1 
0 
0 
1 
Graphic 
graphic 
1 


8 
Single-screen 
0 
0 
0 
0 
graphic 2 
9 
8-bit character 
0 
0 
0 
0 
Single 
Character 
8-bit 
Normal 
OR 
0 
0 
0 
1 
screen 
AT 


10 
8-bit wide 
0 
0 
1 
0 
Wide 
OR 
character 
0 
0 
1 
1 
AT 


11 
8-bit graphic 
1 
0 
1 
0 
1 
Graphic 


12 
8-bit graphic 2 
0 
1 
0 
0 


13 
Large screen 
1 
1 
0 
1 
Dual 
4-bit 
screen 
x2 


The LCTC display 
mode is determined' 
by pins DIS (pin 55) , G/C 
(pin 58), 
LS (pin 56), WIDE (pin 54), 
and AT (pin 57). As for G/C, WIDE, and AT, the OR is taken between 
data bits 0,2, 
and 3 ofthe 
mode 
register 
(R22). 
The display 
mode can be controlled 
by either 
one of the external 
pins or the data bits of 
R22. 


Note: 
The above 5 pins have 32 status combinations 
(high and low) . Any combinations 
other than the 
above 
are prOhibited, 
because 
they 
may cause malfunctions. 
If you set an prohibited 
combina- 
tion, 
set the right 
combination 
again. 


Internal Registers 


The HD63645/HD64645/HD64646 has 
one 
address register and fourteen data registers. 
In order to select one out of fourteen data 
registers, the address of the data register to 
be selected must be written into the address 
register. The MPUcan transfer data to/from 
the data register corresponding to the writ- 
ten address. 


To be software compatible with the CRTC 
(HD6845), registers 
R2-R8, R16, and 
R17, 
which are not necessary 
for an LCD are 
defined as invalid for the LCTC. 


ARregister (figure 23) specifies one out of 14 
data registers. Address data is written into 
the address register when RS is low. If no 
register corresponding to a specified address 
exists, the address data is invalid. 


Horizontal Total Characters 
Register 
(RO) 


ROregister (figure 24) specifies a horizontal 
scanning period. The total number of hori- 
zontal characters less 1must be programmed 
into this 8-bit register in character units. Nht 
indicates the horizontal scanning period in- 
cluding the period when the CPU occupies 
memory (total number of horizontal charac- 
ters 
minus 
the 
number 
of 
horizontal 
displayed 
characters). 
Its units are, then, 
converted 
from time into the 
number 
of 
characters. This value should be specified 
according to the specification of the LCD 
system to be used. 


Note the followingrestrictions 


Nhd + ~ 
:l Nht + 1 


Mode No. 


5,9 


1. 6, 7, 8, 10, 11, 12. 13 
2,3,4 


Horizontal Displayed Characters Regis- 
ter (Rl) 


R1register (figure 25) specifies the number of 
characters displayed per row. The horizontal 
character pitches are 8 bits for normal char- 
acter display and 16dots for wide character 
display and graphic display. 


Nhd must be less than the total number of 
horizontal characters. 


R9 register (figure 26) specifies the number 
of rasters per row in characters mode, consis- 
ting of 5 bits. The programmable range is 0 (1 
raster/row) to 31 (32rasters/row). 


R10 register 
(figure 27) specifies the cursor 
start raster address and its blink mode. Refer 
to table 11. 


Figure 24 Horizontal Total 
Characters Register 
HITACHI 


Figure 25 Horizontal Displayed 
Characters Register 


Figure 26 Maximum Raster Address 
Register 


Rl1 register 
(figure 28) specifies the cursor 
end raster address. 


R12/R13register (figure 29) specifies a buffer 
memory read start 
address. Updating this 
register facilitates paging and scrolling. R14/ 
R15register can be read and written to/from 
the MPU. 


R14/R15register (figure 30) specifies a cursor 
display address. Cusor display requires set- 
ting RiO and Rl1, and CUDISP should be 
connected with MD12 (in character mode). 
This register can be read from and written to 
the MPU. 


Horizontal Virtual Screen Width Regis- 
ter (RIB) 


R18register (figure 31) specifies the memory 
width to determine the start address of the 
next row. By using this register, memory 
width can be specified larger than the num- 
ber of horizontal displayed characters. 
Up- 
dating the display start address facilitates 
scrolling in any direction within a memory 
space. 


The start address of the next row is that of 
the previous row plus Nir. If a larger memory 
width than display width is unnecessary, Nir 
should be set equal to the number of hori- 
zontal displayed characters. 


Multiplezlng Duty Ratio Register (H/L) 
(RI9/R20) 


R19/R20 register 
(figure 32) 
specifies 
the 
number of vertical dots of the display screen. 
The programmed value differs according to 
the LCDscreen configuration. 


In single screen configuration: 
(Programmed value) = (Number of vertical 
dots)-l. 


Table 
11 
B 
P 
o 
0 
o 
1 
1 
0 
1 
1 


Cursor Blink Mode 
ew.or blink mode 


Cursor 
on; 
without 
blinking 
Cursor 
off 


81inking 
once 
every 
32 frames 
81inking 
once 
every 
64 frames 


Memory address (H) (R12) 


Memory address (L) (R 13) 


Memory 
RfIN 


address 


o 


Memory address (H) (R14) 


Memory address (L) (R15) 


Memory 
RfIN 


address 


(Programmed value) = 
(Number of vertical dots) 
2 


Display Start Raster Register 
(R21) 


R21 register 
(figure33) specifies the start 
raster of the character row displayed on the 
top of the screen. The programmed value 


should be equal or less than the maximum 
raster address. Updating this register allows 
smooth scrolling in character mode. 


The Or of the data bits of R22 (figure 34) 
register and the external terminals of the 
same name determines a particular mode. 
(figure35) 


o 


Nir (No. of chars. of virtual width) 
Character 
W 


Figure 31 
Horizontal Virtual Screen 


Width Register 


Figure 32 
Multiplexing 
Duty 
Ratio 
Register 


Figure 33 
Display 
Start Raster 
Regis- 
ter 


WIDE 
(data bit 2) 


Mode 
Register 
(R22) 
ON/OJ!!! 
(Pin53l 
G/~ 
(Pin58l 
WIDE 
(Pin 54) 
BLE 
(Pin 51) 


Notes: 
1. 
AT (valid 
only when G/e 
is low 
(character 
mode» 
AT = High: 
Attribute 
functions 
enabled, 
OR function 
disabled. 


AT = Low: 
OR function 
enabled, attribute 
functions 
disabled. 


2. 
BLE (valid 
only when G/e 
is low 
(character 
mode» 
BLE = H.igh: 
Blinking 
enable on the character 
specified 
by attribute 
RAM 


BLE = Low: 
No blinking 


3. 
WIOE 
(valid 
only when G/e 
is low 
(character 
mode» 
WIOE = High: 
Wide display 
enabled 
WIOE = Low: 
Normal 
display 


AT 
(Pin 57) 


4. G/e 


G/C = High: 
Graphic 
1 display 
(when AT = Low) 
or Graphic 
2 display 
(when 
AT = High) 
G/C = Low: 
Character 
display 


5. 
ON/OFF 
ON/OFF = High: 
Oisplay 
on state 
ON/OFF = Low: 
Oisplay 
off 
state 
• 


Restrictions on Programming Internal 
Registers 


Note when programming that the values you 
can write 
into the 
internal 
registers 
are 
restricted as shown in Table 12. 


Restrictiona 


1 < Nhd < Nht + 1 ;li 256 


16 
Nhd + m * 1 ;li Nht + 1 


Register 


RO, Rl 


(No. of verticaldots) x (no. of horizontaldots) x 
(framefrequency;fFRM);li (datatransfer speed; V) 


{i} * 2 x (Nd + 1) x Nhd x { 186}* 3 fFRM;li V 


Nhd;liNir 
R1,R18 


..._---------------------_._---------------------.----- 
.... _-_ ..._--------------_._----------------------------------------- 


0;liNd;li511 
R19,R20 


CursorControl 
° ;li Ncs ;li Nee 
R10, R11 


-------.-------------------_._._----------------------_ 
.... _---------------.--.--------------------------------------------- 
Nee ;li Nr 
Rl0, 
R9 


Smooth Scroll 
Nsr ;li Nr 
R21, R9 


MemoryWidth Set 
O;li Nir ;li255 
R18 


Mode No. 
5,9 


1,6,7,8,10,11,12,13 
2,3,4 


* 2 
Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are classified as 
shown in the following table. 


Mode No. 


5,6,7,8,9,10,11,12 


1,2,3,4,13 


Value 


1 
2 


* 3 
Set 8 when a character is constructed with 8 dots, and set 16 when with 16 dots. Modes 
are classified as shown in the following table. 


Mode No. 


1,5,9 


2,3,4,6,7,8,10,11,12,13 


Value 
8 


16 


RES pin detennines the internal state of LSI 
counters and the like. This pin does not affect 
register contents nor does it basically control 
output tenninals. 


• 
At reset: the time when RES goes low 
• 
During 
reset: the 
period 
while 
RES 
remains low 
• 
After reset: the period on and after the 
RES transition from low to high 
• 
Make sure to hold the reset signal low for 
at least 1 jJs 


RES pin should be pulled high by users dur- 
ing operation. 


RES pin does not basically control output 
pins, and operates regardless of other input 
pins. 


1. 
Preserve states before reset: 
LUO-LU3,LDO-LD3,FLM,CL1,RAO-RA4 


2. 
Fixed at high level: 
MLCK 
3. 
Preserve states before reset or fixed at 
low level according to the timing when 
the reset signal is input: 
DISPTMG,CUDISP,MAO-MA15 
4. 
Fixed at high or low according to mode: 
CL2 
5. 
Unaffected: 
DBo-DB7 


RES pin does not affect· register contents. 
Therefore, registers can be read or written 
even during a reset state; their contents will 
be preserved regardless of reset until they 
are rewritten to. 


Notes 
for HD63645/HD64645/HD64646 


1. 
The 
HD63645/HD64645/HD64646 
are 
CMOSLSls, and it should be noted that 
input pins must not be left disconnected, 
etc. 
2. 
At power-on, the state of internal regis- 
ters becomes undefined. The LSI opera- 
tion is undefined until all internal regis- 
ters have been programmed. 


l-.n 


Supply voltage 


Terminal voltage 


Operating temperature 


Storage temperature 


Symbol 


Vee 


Value 


-0.3 
to +7.0V 


-0.3 
to Vee +0.3 V 


-20"C to +75'c 


- 55'c to + 125'C 


Note 
2 


2 


Notes: 
1. 
Permanent 
LSI damage 
may occur 
if maximum 
ratings 
are exceeded. 
Normal 
operation 
should be under recommended 
operating 
conditions 
(Vcc = 5.0V 
±10%. 
GNO = OV, 
Ta 
= - 20'C to +75·C). 
If these conditions 
are exceeded, 
it could affect 
reliability 
of LSI. 


2. 
With 
respect to ground 
(GNO = 0 V) 


DC Characteristics 
(Vcc= 5.0 V ±10%, GND= 0 V, T. = -20'C 
to 
+75'C, unless 
otherwise noted) 


l-.n 


Input high voltage 


Symbol 
Mln 


RES, 
MODE, 
SKO,VIH 
Vee-0.5 
SK1 


DCLK, ON/OFF 


Max 
Unit 


Vee+0.3 
V 


All others 


All others 


TTL interface 1 


CMOS interface' 


TTL interface 


CMOS interface 


Input leakage current 
All inputs except 
DBo-DB7 


Three state (off-state) 
DBo-DB7 
leakage current 


Current dissipation2 


Input low voltage 


Output high voltage 


2.2 


2.0 
-0.3 
2.4 


Vec-0.8 


Vee+0.3 
V 


Vce+0.3 
V 


0.8 
V 


V 


V 


0.4 
V 


0.8 
V 


+2.5 
pA 


IoH=-400pA 


IoH=-400pA 


IoL=1.6mA 


IoL=400pA 


Notes: 
1. 
TIL 
Interface; 
MAO-MA15, 
RAO-RA4, 
OISPTMG, 
CUOISP, 
OBO-OB7, 
MCLK 
C-MOS 
Interface; 
LUO-LU3, 
LOO-L03, 
CL1, 
CL2, 
M, 
FLM 
2. 
Input/output 
current 
is excluded. 
When 
input 
is at the 
intermediate 
level with 
CMOS, 
excessive current flows through 
the input circuit to power supply. 
Input level must be fixed 
at high or low to avoid this condition. 


3. 
If the capacitive 
loads of LUO-LU3 
and LOO-L03 
exceed the rating, 
noise over 0.8 
V may 
be produced 
on CUOISP, OISPTMG, 
MCLK, 
FLM and M. In case the loads of LUO-LU3 and 
LOO-L03 
are larger than the ratings, 
supply signals to the LCD module 
through 
buffers. 


AC Characteristics 


CPU Interface 
(HD63645 
- 
68 famUy) 
(Vcc = 5.0V 
± 10%, GND = OV, T. =-20"C 
to + 75"C, unless otherwise Doted) 


ItIIm 
Symbol 
Min 
Typ 
Max 
Unit 
Figwe 


Enable cycle time 
teveE 
500 
ns 
37 


Enable pulse width 
(high) 
PwEH 
220 
ns 


Enable pulse width 
(low) 
PwEL 
220 
ns 


Enable rise time 
tEr 
25 
ns 


Enable fall time 
tEl 
25 
ns 
es, RS, R!W setup time 
tAS 
70 
ns 
es. RS, R!W hold time 
tAH 
10 
ns 


DBo-DB7 setup time 
tos 
60 
ns 


DBo-DB7 hold time 
tOHW 
10 
ns 


DBo-DB7 output delay time 
tOOR 
150 
ns 


DBo-DB7 output 
hold time 
tOHR 
20 
ns 


2.0V 


,O.BV 


CS 
RS 
RIW 


oBo-oB7 
(input) 


oBo-oB7 
(output) 


CPU Interface (HD64646 and HD64646 - 
80 famUy) 


(Vcc= 6.0V ± 10%, GND = OV, T. =-20'C 
to + 76'C, unless otherwise noted) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Figwe 


Ro high level width 
twROH 
190 
ns 
38 


Ro low level width 
twROL 
190 
ns 


WR high level width 
twwRH 
190 
ns 


WR low level width 
twwRL 
190 
ns 


CS, RS setup time 
tAS 
0 
ns 


CS, RS hold time 
tAH 
0 
ns 


080-087 
setup time 
tosw 
100 
ns 


080-087 
hold time 
tOHW 
0 
ns 


o80-oB7 
output delay time 
tOOR 
150 
ns 


oBo-oB7 output 
hold time 
tOHR 
20 
ns 


CS 
2.0V 


RS 
O.8V' 


tAs 
tAH 
tAs 


tWROl 
tAH 


2.0V 
AD 
tWROH 
O.8V 


tWWRH 
tWWRl 


WR 
2.0V 


O.8V 


tOOR 
tOHR 


tOHW 


HD63645/HD64645/HD64646 


AC Characteristics 
(Cont) 


Memory Interface 
(Vcc = 5.0V ± 10%, GND = OV, T. =-20'C 
to + 75'C, unless 
otherwise 
noted) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Figwe 


DCLK cycle time 
tCYCo 
100 
ns 
39 


DCLK high level width 
twoH 
30 
ns 


DCLK low level width 
twoL 
30 
ns 


DCLK rise time 
to, 
20 
ns 


DCLK fall time 
t01 
20 
ns 


MCLK delay time 
toMo 
60 
ns 


MCLK rise time 
tM, 
30 
ns 


MCLK fall time 
tMt 
30 
ns 


MAO-MA 15 delay time 
tMAo 
150 
ns 


MAO-MA 15 hold time 
tMAH 
10 
ns 


RAO-RA4 delay time 
tRAo 
150 
ns 


RAO-RA4 hold time 
tRAH 
10 
ns 


DISPTMG delay time 
tOTO 
150 
ns 


DISPTMG hold time 
toTH 
10 
ns 


CUDISP delay time 
teoo 
150 
ns 


CUDISP hold time 
tCoH 
10 
ns 


CL1 delay time 
tcu 0 
150 
ns 


CL1 hold time 
tCL1H 
10 
ns 


CL1 rise time 
teu, 
50 
ns 


CL1 fall time 
teut 
50 
ns 


MDO-MD15 
setup time 
tMoS 
30 
ns 


MDO-MD15 
hold time 
tMoH 
15 
ns 


MDO-MD15 
(input) 


AC Characteristics (Cont) 


LCD Interface 
1 (8063645 
and 8D64645) 
(Vcc = 5.0V ± 10%, GND = OV, T. =-20·C 
to + 75·C) 


IWn 
Symbol 
Mln 
Typ 


Display data setup time 
tLOS 
50 


Display data hold time 
tLDH 
100 


CL2 high level width 
twCL2H 
100 


CL2 low level width 
twCL2L 
100 


FlM setup time 
tFS 
500 


FlM hold time 
tFH 
300 


Cll 
rise time 
tell, 


CL1 fall time 
tCLl! 


CL2 rise time 
tCL2, 


CL2 fall time 
teL2! 


Note: 
At fCL2 = 3 MHz 


Unit 
F•••• 


ns 
40 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


tLDH 
Vcc-O.8V 


O.8V 


twCL2L 
twCL2H 


tCL2. 
tCL2r 


V~c-O.8V 


O.8V 


tFS 
tFH 
• 


teur 
tcUt 


Vcc-O.8V 


O.8V 


LUQ-LU3 


LOQ-LD3 


HD63645/HD64645/HD64646 


AC Characteristics 
(Cont) 


LCD Interface 
2 (HD64646 at fCL2= 3 MHz) 
(Vcc 
= 
6.0V 
± 10%, 
GND = 
OV, 
T. =-20·C 
to + 76·C) 


1t8m 
Symbol 
Mln 
Typ 
Max 
Unit 
Figure 


FLM stetup time 
tFI 
500 
ns 
41 


FLM hold time 
tFH 
300 
ns 


M delay time 
tOM 
200 
ns 


CL1 high level width 
tcUH 
300 
ns 


Clock setup time 
tsCL 
500 
ns 


Clock hold time 
tHCL 
100 
ns 


Phase difference 
1 
tP01 
100 
ns 


Phase difference 
2 
tp02 
500 
ns 


CL2 high level width 
tcL2H 
100 
ns 


CL2 low level width 
tCL2L 
100 
ns 


CL2 rise time 
tcL2r 
50 
ns 


CL2 fall time 
tcL2f 
50 
ns 


Display data setup time 
tLOS 
80 
ns 


Display data hold time 
tLOH 
100 
ns 


Display data delay time 
tLOO 
30 
ns 


LCD Interface 
3 (HD64646 at fCL2= 
6 MHz) 
(Vcc 
= 
6.0V 
± 10%, 
GND = 
OV, 
T. =-20·C 
to + 76·C) 


1t8m 
Symbol 
Mln 
Typ 
Max 
Unit 
Figure 


FLM setup time 
tFI 
500 
ns 
41 


FLM hold time 
tFH 
500 
ns 


M delay time 
tOM 
200 
ns 


CL1 high level width 
tcL1H 
300 
ns 


Clock setup time 
tsCL 
500 
ns 


Clock hold time 
tHCL 
100 
ns 


Phase difference 
1 
tP01 
70 
ns 


Phase difference 
2 
tpo2 
500 
ns 


CL2 high level width 
tCL2H 
50 
ns 


CL2 low level width 
tcL2L 
50 
ns 


CL2 rise time 
tCL2r 
50 
ns 


CL2 fall time 
tcL2f 
50 
ns 


Display data setup time 
tLDS 
30 
ns 


Display data hold time 
tLOH 
30 
ns 


Display data delay time 
tLDO 
30 
ns 


----L:~-o..v'~}~;~·v 


______ 
/------ 
O.8V 
_ 


tDMx 


------------------ 
-V-cc---O-.8-V------ 


O.8V 
------------------ --------- 


HD63645/HD64645/HD64646 


AC Characteristics 


TTL Load 


RL 
R 
C 
Rernark8 


2.4kO 
11 kO 
130pF 
tr, tf: Not specified 


2.4kO 
11kO 
40pF 


2.4kO 
11 kO 
30pF 
tr, tf: Specified 


T..mn.1 


DBo-DB7 


MAO-MA15. RAO-RA4. DISPTMG, CUDISP 


MClK 


Capacitive Load 


T..mn.1 


CL2 


Cl1 


LUO-lU3, lDO-lD3, 
M 


FlM 


C 


150pF 


200pF 


150pF 


50pF 


Rernark8 


tr, tf: Specified 


0----1 


cr 


Refer to user's manual (No. 68-1-160) 
and application 
note (No. ADE-502-003) 
for detail of this 
product. 


HD66503------- 
(240-Channel Row Driver with Internal 
LCD Timing Circuit) 


The 
HD66503 
is a row driver 
for liquid 
crystal dot-matrix 
graphic display systems. 
This device incorporates 
240 liquid crystal 
driver 
and 
an oscillator, 
and 
generates 
timing 
signals 
(AC switching 
signals 
and 
frame 
synchronizing 
signals) 
required 
for 
the liquid crystal 
display. 
Combined 
with 
the HD66520, a 160-channel 
column driver 
with 
an internal 
RAM, the 
HD66503 
is 
optimal 
for use 
in displays 
for portable 
information tools. 


• 
LCD timing generator: 
1/120, 1/240 duty 
cycle internal 
generator/external 
input 
switching 
• 
AC signal 
waveform 
generator: 
Pin 
programmable 
1-63 line inversion 
• 
Recommended 
display 
duty 
cycle: 
1/120, 1/240 
• 
Number of LCD driver: 240 
• 
High voltage: 
8-V to 28-V LCD drive 
voltage 
• 
Low 
power 
consumption: 
100 
/loA 
(during display) 
• 
Internal display off function 
• 
Oscillator circuit with standby 
function: 
130 kHz (max) 
• 
Display timing operation 
clock: 65 kHz 
(max) (operating at 1/2 system clock) 


LCD timing 


generator 


Selects one of four LCD drive voltage levels 
(Vi, 
V2, V5, and 
V6) depending 
on a 
combination 
of shift register 
data and the 
value of M, the AC switching 
signal, and 
transfers that voltage to the output circuit. 


Shifts internally 
generated 
data 
or data 
input from the FLM pin at each falling edge 
of the data transfer clock CL1. Shift direction 
can be switched using SHL signals. 


Boosts 5-V signals to high voltage 
signals 
for the LCDdrive. 


HD66503 


Pin Description 


Number 


Classification 
Symbol 
Pin No. 
Pin Name 
I/O 
of Pins 
Functions 


Power supply 
VCC1' 
246 
VCC1' 
Power supply 
2 
VCC--GND: 


VCC2 
267 
VCC2 
logic power supply 


GND 
250 
GND 
Power supply 


VEEL, 
245 
LCD drive 
Power supply 
2 
VCC--VEE:LCD 
VEER 
268 
level power 
drive circuits 
supply 
power supply 


V1L, V1R 
244 
LCD select 
Input 
2 
LCD drive level 
269 
high-level 
power supply 
voltage 
See figure 1. 


V2L, V2R 
241 
LCD select 
Input 
2 
272 
low-level 
voltage 


V5L, V5R 
242 
LCD deselect 
Input 
2 
271 
low-level 
voltage 


V6L, V6R 
243 
LCD deselect 
Input 
2 
270 
high-level 
voltage 


Control signals 
M/S 
266 
Master/slave 
Input 
Control signal 
switching 
enabling/disabling 
LCD timing 
generator operation. 
TIming generator 
halts at low level. 
TIming generator 
operates at high 
level. (Refer to Pin 
Functionsfor details.) 


DUTY 
259 
Display duty 
Input 
Low level: 1/120 
ratio select 
display duty ratio 
High level: 1/240 
display duty ratio 


MWSoto 
257 
AC switching 
Input 
6 
Sets cycle for AC 
MWS5 
256 
signal cycle 
switching signal M 
255 
select 
in a line unit (1 to 
254 
63). The term 0 is 
253 
for external input. 


252 
(Refer to Pin 
Functions for • 


details.) 


MEOR 
258 
AC switching 
Input 
Selects EOR 
signal EOR 
processing for 
frame inversion 
waveform 
and AC 
signal M. 


CR,C,R 
247 
Oscillator 
3 
These pins are 
248 
used as shown in 
249 
figure 2 in master 
mode, and as 
shown in figure 3 
in slave mode. 


HITACHI 
981 


HD66503 


Pin Description (Cont'd.) 


Number 
Classification 
Symbol 
Pin No. 
Pin Name 
I/O 
of Pins 
Functions 


Control signals 
RESET 
261 
Reset 
Input 
Stops oscillator 
circuits, initializes 
internal counter, 
and switches 
display off. (Refer 
to Pin Functions 
for details.) 


LCD timing 
CL1 
263 
Display data 
I/O 
Display-data 
transfer 
transfer clock I/O 
pin. (Refer to Pin 
Functions 
for 
details.) 


FLM 
264 
First line 
I/O 
First line marker 
marker 
I/O pin. (Refer 
to Pin Functions 
for details.) 


M 
262 
AC switching 
I/O 
AC control I/O 
signal 
pin for LCD drive 
output. 


SHL 
251 
Shift direction 
Input 
FLM -> X1 -> X240 
select 
at low, and FLM -> 
X240 -> X1 at high. 


DISPOFF 
260 
Display off 
Output 
Fixes LCD drive 
signal 
output to select 
high level. When 
low level, LCD 
drive outputs X1 
to X240 are set to 
V1, the LCD select 
high level. Display 
can be turned off 
by setting a segment 
driver to level V1. 


DOC 
265 
Display off 
I/O 
Inputs and outputs 
control 
a display-off control 
signal 
signal in response 
to the DISPOFF 
signal and oscillator 
startup sequence. 
(Referto Pin 
Functions for details. 


LCD drive output 
X1 to 
240 
LCD drive 
Output 
240 
Selects one from 
X240 
1 
output 
among four levels 
(V1, V2, V5, and V6) 
depending on the 
combination 
of M 
signal and display 
data. See figure 4. 


Note: 30 input/outputs 
(excluding driver block) 


~ 


-- 
-------------~~ 
------- 
---_. 
__ 
_ 
V5 


_________ 
Y2 


CIM' 
E lema!dock 
Opon 
Opon 
, 
I 
I 
CR 
R 
C 
fiR 
R 
C I 


Internaloscillation 
Externalclock 


vcc 
I 
I 
CR 


M signal I 
1 
0 


Displaydata~ 


Output level ~~ 
I(V1) I(V5) I 
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Pin Functions 


MIS (Input): 
Starts 
and 
stops 
the 
LCD 
timing 
generator. 
Also determines 
1/0 of 
the following four signal pins: CL1 (display 
data transfer clock), FLM (first line marker), 
M (AC switching 
signal), and DOC (display 
off control), depending 
on whether 
the LCD 
timing 
generator 
is operating 
or not. See 
table 1. 


MWSO 
to 
MWS5, 
MEOR 
(Input): 
AC 
switching 
signal 
M, in synchronization 


with 
CL1, is generated 
according 
to the 
value (an integer 
1 to 63) selected 
by 6-bit 
MWSO to MWS5, where 
MWSO takes 
the 
LSB and MWS5 takes the MSB. 


When 
the 
AC 
switching 
signal 
EOR 
(MEOR) is high, M is exclusively ORed with 
the B-waveform 
AC signal 
synchronized 
with 
the 
first 
line marker 
(FLM) before 
being output from the M pin. 


Mode 


Slave 


Master 


LCD liming 
Generator 


Stop 


1/120 or 1/240 duty 
cycle 
control 


CL1. FLM. M. and DOC I/O State 


Input 


Output 


low 


High 


When the MWSOto MWS5 bits are all set 
to 0 (low), the AC switching 
signal (M) pin 
goes into the input state, and becomes the 
input pin for AC signals 
from an external 
controller. 


RESET (Input): The following initialization 
operations 
are performed 
when 
RESET is 
low: 


1. Stops 
internal 
oscillator 
or external 
oscillator clock input. 


2. Initializes 
counters 
for the LCD timing 
generator 
and the AC switching 
signal 
(M) generator. 


3. Switches 
off the 
display 
by driving 
display-off 
control 
output 
(DOC) low. 
After 
reset 
release, 
the 
display 
off 
control (DOC) is held low for four frame 
cycles (four FLM clock cycles) to prevent 
erroneous display during startup. 


DOC (Input/Output): Outputs 
the AND of 
the display-off 
control 
status 
after 
reset 
release 
and 
the 
display-off 
signal 
(DISPOFF) 
in master 
mode. 
The pin is 
connected 
to the 
DISPOFF 
pin 
of the 
HD66520, which 
is normally 
paired 
with 
the HD66503. The pin inputs 
an external 
display-off control signal from the outside 
in slave mode. 


CL1 (Input/Output): In master mode, CL1 
outputs 
a 50% duty-ratio 
data-transfer 
clock with 
double 
cycles 
of an internal 
oscillator or external clock input cycles. 


In slave mode, CL1 operates 
as the input 
pin for the external data-transfer 
clock. 


In bidirectional shift-register 
timing, data is 
shifted 
at 
the 
rising 
edge 
of CL 1 in 
accordance 
with the specifications 
of the 
HD66520 with built-in RAM when used in a 
paired 
configuration. 
As 
this 
is 
the 
opposite 
of the standard 
common 
driver 
arrangement, 
the transfer clock must be in 
an 
inverse 
phase 
when 
paired 
with 
general-purpose 
column 
drivers 
such as 
HD66240 and HD66224T. 


FLM (Input/Output): 
In master 
mode, 
FLM outputs 
the first line marker. In slave 
mode, FLM inputs the first line marker. The 
shift direction of the FLM can be selected 
accordiIig to the DUTYand SHL signals, as 
shown in table 2. 


In slave mode, use the DUTYsignal at high 
level in normal. 


Table 2 
Selection 
of FLM Shift 
Direction 


DUTY 
SHL 
Shift Direction 
of FLM 
,. 


High 
High 
X240 to X1 


Low 
X1 to X240 


Low 
High 
X120 to X1. and X240 to X121 


Low 
X1 to X120, and X121 to X240 


DUTY (Input): Selects display duty cycle. 
The pin selects 
a 1/120 duty cycle at low 
level, and a 1/240 duty cycle at high level. 


TImIng Generator 


CL1 is a 50% duty-ratio 
clock that changes 
at the falling edge of oscillator clock aSCi. 
FLM is a clock signal output once every 240 
CL1 clock cycles at the rising edge 
of CR 
when 
the DUTY signal is high, and every 
120 CL1 clock cycles at the rising edge of 
CR when the DUTYsignal is low. 


The reset 
state 
fixes all clocks at low and 
clears the internal counter to O.After reset 
release, 
the display-off function 
continues 
for four frame cycles even when 
the DISP 
pin is high. 


OSC1 


CL1 


DOC· 


OISPOFF 
= high 


Figure 7 shows a system 
configuration 
for 
a 240 x 320-dot LCD panel using segment 
driver HD66520 with internal bit-map RAM. 
All required 
functions 
can be prepared 
for 
liquid crystal display with just three 
chips 
except 
for liquid 
crystal 
display 
power 
supply circuit functions. 


HD66503 


<::> 
........................................ 
N 
!"'l 


Line scan Direction 
===- 


3 FLM,CL1,M 


1 


LCD driver 


HD66503 
DOC 
LCD display liming control 


DISPOFF 
circuit 


CR 
R 
C 


MEOR,MWSO-S 


7 
RESET 


16 
AO - A1S 


8 
DBO - DB? 


3 
cs.wt,OE 


Absolute Maximum Ratings 


Item 


Power voltage 


Input voltage 


Input voltage 


Symbol 
Ratings 
Unit 
Notes 


Logic circuit 
VCC 
-0.3 to +7.0 
V 
2 


LCD drive circuit 
VEE 
VCC-30.0to 
V 
S 
VCC +0.3 


VT1 
-0.3 to VCC +0.3 
V 
2,3 


VT2 
VEE -0.3 to 
V 
4, S 
VCC +0.3 


Topr 
-20 to +7S 
·C 


Tstg 
-40 to +12S 
·C 


Operating 
temperature 


Storage 
temperature 


Notes: 
1. 
If the LSI is used beyond its absolute maximum 
rating, it may be permanently 
damaged. It should 
always be used within the limits of its electrical characteristics 
in order to prevent malfunction 
or 
unreliability. 


Measured relative to GND (0 V). 


Applies to all input pins except for V1L' V1R, V2L, V2R, VSL' VSR' V6L, and V6R, and to input/output 
pins in high-impedance 
state. 


Applies to pins V1L, V1R, V2L, V2R, VSL' VSR' V6L, and V6R· 


Apply the same voltage to pairs V1L and V1R, V2L and V2R, VSL and VSR' V6L and V6R, and 
VEELand VEER· 
It is important to preserve the relationships VCC;;' VIL = V1R ;;. V6L = V6R ;;. VSL = VSR ;;. V2L = 
V2R;;' VEE· 


HD66503 


Electrical Characteristics 


DC Characteristics 
(VCC = 2.7 V to 5.5 V, VEE = 8 V to 28 V, GND = 0 V, 


Ta = -20°C to +75°C) 


Measurement 


Item 
Symbol 
Condition 
Min 
Typ 
Max 
Unit 
Notes 


Input high 
VIH 
0.8 
VCC 
V 


level voltage 
VCC 


Input low 
VIL 
0 
0.2 
V 


level voltage 
VCC 


Output high 
VOH 
IOH =--{).4 mA 
VCC 
V 


level voltage 
--{).4 


Output low 
VOL 
IOL =+0.4 mA 
0.4 
V 
2 
level voltage 


Driver ·on" 
RON 
VCC - VEE = 28 V, 
2.0 
kO 
7 
resistance 
load current: :t150 IlA 


Input leakage 
1111 
VIN=OtoVCC 
-1.0 
1.0 
Il-A 


current (1) 


Input leakage 
IIL2 
VIN = VEE to VCC 
-25 
25 
~ 
3 
current (2) 


Operating 
fopr1 
Master mode (external 
10 
200 
kHz 
4 
frequency (1) 
clock operation) 


Operating 
fopr2 
Slave mode 
0.5 
500 
kHz 
frequency (2) 
(shift register) 


Oscillation 
fOSC1 
Cf = 100 pf :t5%, 
70 
100 
130 
kHz 
5 
frequency (1) 
Rf = 47 kO :t2% 


Oscillation 
fOSC2 
Cf = 220 pf :t5%, 
21 
30 
39 
kHz 
5 
frequency (2) 
Rf = 51 kO :t2% 


Power 
IGND1 
Master mode 
80 
Il-A 
6 
consumption 
(1) 
1/240 duty cycle, 
Cf = 220 pF, Rf = 51 kO 


Power 
IGND2 
Master mode 
10 
~ 
6 
consumption 
(2) 
1/240 duty cycle 
external clock 
fopr2 = 30 kHz 


Power 
IGND3 
Slave mode 
10 
~ 
6 
consumption 
(3) 
1/240 duty cycle 
during operation 


Power 
lEE 
Master mode 
20 
~ 
6 
consumption 
1/240 duty cycle, 
Cf= 220 pF, Rf= 51 kO 


Notes: 
1. 
Applies to input pins TEST, MEOR, MWSO to MWS5, DUTY, SHL, DISP,MS, RESET,and OSC1, and 
when inputting to input/output 
pins CL1, FLM, DOC, and M. 


2. 
Applies when outputting 
from input/output 
pins CL1, FLM DOC, and M. 


3. 
Applies to V1LN1R, V2LN2R, V5LN5R, and V6LN6R. Xl to X240 are open. 


4. 
Figure 5 shows the external clock specifications. 


External 
OPEN 
OPEN 


clock 
~ 
I 
I 
Osc, c 
osc21 
Min. 
Typ. 
,Max. 
Unit 
Duty 
45 
50 
55 
% 


1rcp - 
- 
50 
ns 


Ucp 
50 
ns 


~~ 


~ 


6. 
Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
the power supply through to the input circuit. To avoid this, VIH and VIL must be held to VCC and 
GND levels, respectively. 


7. 
Indicates the resistance between one pin from Xl to X240 and another pin from the V pins Vl LNl R, 
V2LN2R, V5LN5R, and V6LN6R, when a load current is applied to the X pin; defined under the 
following 
conditions: 
' 


VCC - VEE = 28 V 
V1LN1R, V6LN6R = VCC - 1/10 NCC - VEE) 
V5LN5R, V2LN2R = VEE + 1/10 (VCC- VEE) 


V1LN1R and V6LN6R should be near the VCC level, and V5LN5R and V2LN2R should be near the 
VEE level. All these voltage pairs should be separated by less than tN, which is the range within 
which RON, the LCD drive circuits' output impedance, is stable. Note that tN depends on power 
supply voltages VCC - VEE' See figure 7. 


va::; 


••••••••• -•. VllN1R 


28 
-------- •..••.•••• 
~. 
~ 0.8 -•••• -•• 


8 
28 
VCC-~E(V) 


Figure 10 
Relationship between Driver Output Waveform 
and Level Voltages 


AC Characteristics 
(VCC = 2.7 V to 5.5 V, VEE = 8 V to 28 V, GND = 0 V, Ta = 
-20°C to +75°C) 


Slave Mode (MIS = GND) 


Item 


CL 1 high-level 
width 


CL 1 low-level 
width 


CL 1 rise time 


CL 1 fall 
line 


Symbol 


tCWH 
tcwL 


tFS 


rFH 


tr 
tf 


Based 
on the 
load circuit 
shown 
in figure 
8. 


FLM setup 
time 


FLM 
hold 
time 


Output pin ~ 
T 
30 pF (including probe capar."ance) 
"".. 
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Master Mode (MIS= Vee, ef = 100 pF, Rf = 47 kfl) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Notes 


FLM delay time 
tOFLM 
500 
n5 


M delay time 
tOM 
500 
n5 


CL1 high-level width 
tCWH 
5 
115 


CL1 low-level width 
tCWL 
5 
115 


Master Mode (MIS = Vee, ef = 220 pF, Rf = 51 kfl) 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Notes 


FLM delay time 
tOFLM 
500 
n5 


M delay time 
tOM 
500 
n5 


CL1 high-level width 
tCWH 
20 
115 


CL1 low-level width 
tCWL 
20 
115 


HD66503 


Pin Arrangement 


X240 ==:=J 1 
272 
V2R 


X239 
2 
271 
VSR 


X238 
3 
270 
V6R 


X237 
4 
269 
VIR 


X236 
5 
268 
VEER 


X235 
6 
267 
Vccc;o 


X234 
7 
266 
MIS 


X233 
8 
265 
tmC 


X232 
9 
264 
FLM 


X231 
10 
263 
Cl1 


262 
M 


261 
RESET 


260 
OISPOFF 


259 
DUTY 


258 
MEOR 


257 
MWSO 


256 
MWSI 


255 
MWS2 


254 
MWS3 


253 
MWS4 


252 
MWS5 


251 
SHL 


Xl0 
231 
250 
GND 


X9 
232 
249 
C 


X8 
233 
248 
R 


X7 
234 
247 
CR 


X6 
235 
246 
VCCI 


X5 
236 
245 
VEEl 


X,IL__ 
---J 237 
244 
V'l 


I 


X3~238 
243~V61 


X2 
239 
242~V5l 


Xlf===J 
240 
241 
.V2L 
I 


Top view (nol a TCP view) 


HD66520------- 
(160-Channel4-Level 
Grayscale Display 
Column Driver with Internal Bit-Map RAM) 


-Preliminary- 


The HD66520 is a column driver for liquid 
crystal dot-matrix 
graphic display systems. 
This LSI incorporates 
160 liquid crystal drive 


circuits 
and 
a 160 x 240 x 2-bit bit-map 


RAM, which is suitable for LCDs in portable 
information 
devices. 
It also 
includes 
a 


general-purpose 
SRAM interface 
so that 


draw 
access 
can be easily 
implemented 


from a general-purpose 
CPU. The on-chip 


display 
RAM greatly 
decreases 
power 


consumption 
compared 
to previous 
liquid 


crystal 
display 
systems. 
The 
chip 
also 


incorporates 
a four-level grayscale controller 


for enhanced 
graphics 
capabilities, 
such as 


icons on a screen. 


Duty cycle: 1/64 to 11240 
Liquid crystal drive circuits: 160 
High voltage: 
8 to 28-V liquid crystal 
drive voltage 
Grayscale 
display: 
FRC Four-level 
grayscale display 
Grayscale 
memory 
management: 


Packed pixel 
Internal 
bit-map 
display 
RAM: 76800 
bits (160 X 240 lines X two planes) 
Access time: 80 ns 
Low power consumption: 
-100 
!J.Aduring display 
-20 
mA during 
RAM access 
(RAM 
access time 250 os) 
On-chip memory management 
function 
Refresh unnecessary 
Internal display off function 


HD66520 


PIn Description 


Number 
Classification 
Symbol 
Pin No. 
Pin Name 
I/O 
of Pins 
Function 


Power supply 
VCC1 
VCC 
VCc-GND: 
VCC2 
VCC 
logic power supply 


GND 
GND 
Input 


VEE1, 
LCD drive 
Input 
VCc-VEE: LCD 
VEE2 
circuit power 
drive circuit 
supply 
power supply 


V1L, V1R 
LCD select 
Input 
2 
LCD drive level 
high-level 
power supplies 
voltage 
See figure 1. 


V2L, V2R 
LCD select 
Input 
2 
low-level 
voltage 


V3L, V3R 
LCD deselect 
Input 
2 
high-level 
voltage 


V4L, V4R 
LCD deselect 
Input 
2 
low-level 
voltage 


Control signals 
LSO,LS1 
LSI ID select 
Input 
2 
Pins for setting LSI 
switch pin 
ID no. (refer to 
o and 1 
Pin Functions for 
details). 


SHL 
Shift direction 
Input 
Reverses the 
control signal 
relationship 
between LCD drive 
output pins Y and 
addresses. 


FLM 
First line 
Input 
First line select 
marker 
signal 


CL1 
Data transfer 
Input 
Clock signal to 
clock 
transfer the line 
data to an LCD 
display driver 
block. 


M 
AC switching 
Input 
Switching signal 
signal 
to convert LCD 
drive output to AC 


DISPOFF 
Display off 
Input 
Control signal to fix 


signal 
LCDdriver outputs 
to LCDselect high 
level. When low, 
LCDdrive outputs 
Y1 to Y160 set to 
V1, or LCDselect 
high level. Display 
can be turned off by 
setting a common 
driver to V1. 


TEST 
Test pin 
Input 
LSI test pin (refer 
to Pin Functions 
for details). 


HITACHI 
997 


HD66520 


Pin Description (Cont'd.) 


Number 
Classification 
Symbol 
Pin No. 
Pin Name 
I/O 
of Pins 
Functions 


Bus interface 
AOto A15 
Address 
Input 
16 
Upper 9 bits 
Input 
(A1&-A7) are used 
for the duty- 
directional 
addresses,and 
lower 7 bits (A6-AO) 
for the output-pin 
directional 
addresses(refer to 
Pin Functions for 
details). 


DBOto DB7 
Data input! 
I/O 
8 
Packed-pixel 2-bit! 
output 
pixel display data 
transfer (refer to 
Pin Functions for 
details.) 


CS 
Chip select 
Input 
lSI select signal 


signal 
during draw access 
(refer to Pin 
Functions for 
details.) 


WE 
Write signal 
Input 
Write-enable 
signal during draw 
access (refer to Pin 
Functions for 
details). 


OE 
Output enable 
Input 
Output-enable 
signal 
signal during draw 
access (refer to Pin 
Functions for 
details). 


lCD drive output 
Y1 to 
lCD drive 
Output 
160 
Each Y outputs 
Y160 
output 
one of the four 
voltage levels V1, 
V2, V3, or V4, 
depending on the 
combination 
of the 
M signal and data 
levels. 


Note: The number of input outer leads: 47 


~ 


- 
- - - - - -- 
-- 
- - - - - - V1 
------- 
----·V3 


- - 
- - - - - - - V4 


---------- 
V2 


Pin Functions 


• Control Signals 


LSO and 
LSI (Input): 
The LS pins 
can 
assign four (0 to 3) ID numbers to four LSIs, 
thus 
making 
it possible 
to connect 
a 
maximum 
of four HD66520s 
sharing 
the 
same CS pin to the same bus. 


Various memory 
maps can be configured 
by combining the LS pins with the SHL pin. 


SHL 
(Input): 
This 
pin 
reverses 
the 
relationship 
between 
LCD drive 
output 
pins Y and addresses. 
When the pin is low, 
output 
pins Yl to Y160 correspond 
to the 
direction from start data to end data in the 
display 
lines, 
and when 
the pin is high, 
from end data to start data. 


FLM (Input): When the pin is high, it resets 
the display line counter, returns the display 
line to the 
start 
line, 
and 
synchronizes 
common signals with frame timing. 


CL1 (Input): 
At each rising edge 
of data 
transfer 
clock pulses input to this pin, the 
latch 
circuits 
latch 
horizontal-line 
RAM 
data 
and transfers 
it to the liquid crystal 
display driver section. 


M (Input): AC voltage needs to be applied 
to liquid crystals 
to prevent 
deterioration 
due to DC voltage application. The M pin is 
a switch 
signal 
for liquid 
crystal 
drive 
voltage and determines 
the AC cycle. 


DISPOFF (Input): 
A control 
signal to fix 
liquid crystal driver output to liquid crystal 
select 
high 
level. 
When 
this 
pin is low, 
liquid crystal drive outputs 
Yl to Y160 are 
set to liquid crystal select high level Vl. If 
Y pins of the paired common driver are also 
set to Vl level, the display can be deleted. 
When DISP becomes 
high, display returns 
to normal state. 


TEST (Input): 
An LSI test 
pin. Use GND 
level for normal operations. 


cs (lD~ut): A basic signal of the RAM area. 
When CS is low (active), the system 
can 
access the on-chip RAM of the LSI whose 
address 
space, 
set by LSO, LS1, and SHL 
pins, contains the input address. 
When CS 


is high, RAM is in standby. 


AO to 
A15 
(Input): 
A bus 
to transfer 
addresses 
during RAM access. Upper nine 
bits 
(A15 
to 
A7) 
are 
duty-direction 
addresses, 
and lower seven bits (A6 to AO) 
are output pin direction addresses. 


WE (Input): WE, an active low signal, is 
used to write display data to the RAM. Only 
the LSI whose 
address 
space, set by pins 
LSO, 
LS1, 
and 
SHL, 
contains 
the 
input 
address can be written to when CS is low. 


OE (Input): OE, an active 
low signal, 
is 
used to read display data from the RAM. 
Only the LSI whose address 
space, set by 
pins LSO, LS1, and SHL, contain~ ..-theinput 
address can be read from when CS is low. 


DBO to DB7 
(Input/Output): 
The pins 
function 
as data input/output 
pins. They 
can accommodate 
to a data format with 2 
bits/pixel, 
which implement 
packed-pixel 
four-level grayscale display. 


SHL 
LS1, LSO 


0lSP0FF 
V4R,V3R 
V2R,V1R 


M 
V4L, V3L 
V2L,V1L 


Address IIl8IIagement c:ircult: Converts 
the addresses 
input via A15-AO from the 
system to the addresses 
for a memory map 
of the on-chip 
RAM. When 
several 
LSls 
(HD66520s) are used, 
only the LSI whose 
address 
space, 
set by pins LSO, LS1, and 
SHL, contains 
the input 
address 
accepts 
the access 
from the system 
and enables 
the 
inside. 
The 
address 
management 
circuit 
enables 
configuration 
of the LCD 
display system with memory addresses 
not 
affected 
by the connection 
direction, 
and 
reduces burdens 
of software and hardware 
in the system. 


'I1mJDgcontrol c:ircult:Inputs signals FLM 
and CLl for refresh operation to transfer the 
line data to the LCDdrive circuit and signals 
CS, WE, and 
DE for display 
data 
access 
(draw operation) of the on-chip RAM by the 
system, while arbitrating 
refresh and draw 
operations. 
This circuit enables the system 
to access 
the display 
data 
of the on-chip 
RAM independent 
of refresh 
operation. 
Moveover, this circuit generates 
a timing 
signal 
for 
the 
FRC control 
circuit 
to 
implement four-level grayscale display. 


SC:aD counter: Operates 
refresh functions. 
When FLM is high, the counter 
clears the 
count value and generates 
an address 
to 
select the first line in the RAM section. The 
counter increments 
its value whenever 
CL1 
is valid and generates 
an address 
to select 
subsequent 
lines in the RAM section. 


BlclIrect10nalbuffer: Controls the transfer 
direction 
of the display data according 
to 
signals WE and OE in draw operation from 
the system 


Word line 
decoder: 
Decodes 
input 
addresses 
and selects a one of 240 lines in 
the RAM section, 
and activates 
one-line 
memory cells in the RAM section. 


Data 
line 
decoder: 
Decodes 
input 
addresses 
and selects data line in the RAM 
section 
for the 8-bit memory cells in one- 
line memory 
cells activated 
by the word 
line decoder. 


I/O selector: 
Reads 
and 
writes 
8-bit 
display 
data 
for the memory 
cells in the 
RAM section. 


RAM: 160 X 240 X 2-bit memory cell array. 
Since the memory 
is static, 
display 
data 
can be held 
without 
refresh 
operation 
during power supply. 


FRCcircuit: Implements 
FRC (frame rate 
control) 
function 
for four-level 
grayscale 
display. 
For details, 
refer 
to Half Tone 
Display. 


Data latch circuit (1): Latches 
160-pixel 
grayscale 
display 
data 
processed 
by the 
FRC control circuit after being 
read from 
the RAM section by refresh operation. 


Data latch circuit (2): Latches 
160-pixel 
grayscale 
display data synchronously 
with 
CL1. 


LCD drive circuit: Selects 
one of LCD 
select/deselect 
power 
levels V4R to V1R 
and V4L to V1L according to the grayscale 
display data, AC signal M, and display-off 
signal 
DISPOFF. The circuit is configured 
with 
160 circuits 
each 
generating 
LCD 
voltage to turn on/off the display. 


Driver Layout and Address 
Management 


The Y lines on a liquid crystal panel and 
memory 
data 
in a driver 
are inverted 
horizontally depending 
on the connection 
direction of the liquid crystal panel and the 
driver. When several drivers are connected, 
address 
management 
is needed 
for each 
driver. 
Although 
reinverted 
bit-m!E 
plotting or address management 
by the CS 
pin in each driver are possible 
by using 
special write addressing, 
the load on the 


HD66520 


software 
is significantly 
increased. 
To 
avoid this, the HD66520 
provides memory 
addresses 
independent 
of connection 
direction, 
but responds 
to the setting 
of 
pins LSO, LS1, and SHL. 


How to Use the SIlL Pin: It is possible to 
invert 
the 
relationship 
between 
the 
addresses 
and output pins Yl to Y160 by 
setting 
the 
SHL 
pin. If the 
HD66520 
is 
placed on any side of the LCD panel, the 
upper 
left section 
on the screen 
can be 
assigned to address HOOOO. 


1~IY160 


~n 
direction 


~ 


~n 
direction 


Y160~Y1 


~ 


Y1 


SHL = high 


Y1 
Y5 
Y4 
Y8 


000 
0001 


Y153 
Y157 
Y156 
Y160 
o 
0 
ooA6 
0126 


L238 
L239 
L240 


0000 
0001 
- - 
0026 
0027 
0080 
0081 - - - 
00A6 
00A7 
0100 
0101 - -- 
=;~;~;;;;;- -- 
~~§ 
--...,---r--- 
- -- 
3680136811 - -- 
36A6 
36A7 
3700137011 - -- 
3726 
3727 
3780 
3781 
37A6 
37A7 


L238 
L239 
L240 


How to Use the LS1 and LSOpins 


The memory 
map of the HD66520 can be 
most efficiently used in three display sizes: 
a 240-dot-wide 
by 160-dot-Iong 
display; 
a 
320-dot-wide 
by 240-dot-Iong 
display; and 


a 480-dot-wide 
by 320-dot-Iong display, all 
of them 
are standard 
sizes 
for portable 
information devices. 


Therefore, 
up to four HD66520s 
can be 
connected to the same bus or with the CSpin. 


LSIs can be mapped 
as shown 
in figure 4 
by assigning 
ID numbers 
D to 3 to each 
HD6652D by using pins LSDand LS1. 


.. 
11 
'";§ 
L2 
r:: 
L::> 
~l 
L238 
::J 
L239 
L240 
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Scan direction 
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Pin Setting and Memory Map 


LS1 
LSO 
IDNo. 
Memory 
Map 


Low 
Low 
0 
LSls placed on the top of the LCD panel 


Low. 
High 
1 
LSls placed on the bottom of the LCD panel 


High 
Low 
2 
LSls placed on the top of the LCD panel 


High 
High 
3 
LSls placed on the bottom of the LCD panel 


Low 
Low 
0 
LSls placed on the left of the LCD panel 


Low 
High 
1 
LSls placed on the right of the LCD panel 


High 
Low 
2 
LSls placed on the left of the LCD panel 


High 
High 
3 
LSls placed on the right of the LCD panel 


Table 1 


SHL 


Low 


Low 


Low 


Low 


High 


High 


High 


High 


240 


240 
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1/240 duty cycle 


Standard 
size portable 
information 
device 


Some means 
is needed to 
manage 
memory 
addresses 
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480 
direction 
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CL1 
I; 
\ 


FLM 
I 


Line Counter 
X+1 • 
II 
2 


Latch1 
Data 
Xlh + 1 line ¥*' 
1st line 
~ 
2nd line 


Y1-Y160 
Xth line 
X 
1st line 


RAM data is transferred 
to a 160-bit liquid 
crystal data register 
at each rising edge of 
the 
CLl clock pulse. 
Since display 
data 
transfer 
and RAM access 
to draw 
data 
is 
completely 
synchronous-separated 
in the 
LSI, there 
is no draw data 
loss or display 
flickering from display data transfer timing. 


The first line data transfer involves the first 
line marker (FLM), which initializes 
a line 
counter, and transfers the first line to a data 
register 
in the LCD driver. Subsequent 
line 


data transfer involves transferring the second 
and the 
subsequent 
line data 
to a data 
register in the LCDdriver while incrementing 
the line counter value. 


The line counter is initialized synchronously 
with an FLM signal 
in the first line data 
transfer 
by the FLM signal 
and the 
CL1 
signal. 
The first line is transferred 
to the 
data register in the LCD driver at the rising 
edge of the CLl (figure 6). 


Subsequent 
LIne Data Transfer 


In display 
access 
2, the 
second 
and the 
subsequent 
line data are transferred 
to the 
data register in the LCD driver at the rising 
edge of the CLl to update the line counter 
value (figure 7). 


I: 
\ 


n 
• 


n+1 


nth line 
• 


nth + 1 line 


nth -1 
line 
X 
nth line 


HD66520 


Display-Data 
TraDsfer Method 


The liquid crystal 
panel 
display 
needs 
to 
repeatedly 
execute first line data transfers 
and successive line data transfers based on a 
regular cycle to achieve continuous operation. 


The FLM signal cycle is determined 
by a 
frame frequency value which is required by 
a liquid crystal panel. Generally, the value 
is 70 to 90 Hz. 


Data-transfer 
clock 
CL 1 frequency 
is 
determined 
by the 
number 
of lines that 
must 
be transferred 
during 
one 
frame 
period, in other words, a frequency 
should 
be the product of the FLM signal frequency 
multiplied 
by the 
number 
of lines. 
For 
example, 
to transfer 
240 lines during one 
frame period (1/240 duty cycle) at a frame 
frequency 
of SO-Hz, an approximate 
19.2- 
kHz data transfer clock is needed. 


The M signal, 
which 
converts 
a liquid 
crystal 
drive waveform 
to an AC signal, 


should be either a frame-reverse 
waveform 
synchronized 
with the FLM signal or an n- 
line reverse 
waveform 
synchronized 
with 
the n count of CL1. The latter 
should 
be 
initialized 
by FLM. Since the M cycle is 
closely 
related 
to optical 
characteristics 
and the display quality of the liquid crystal 
panel, 
it should 
be determined 
through 
actually verifying the display. 


Although 
the above control signals should 
be repeatedly 
input to display the contents 
of the internal memory on the liquid crystal 
display 
panel, 
power 
consumption 
in the 
display control part can be reduced to 1/50 
to 1/100 of that of the currently-used 
CRT- 
based 
control 
system 
mainly 
displaying 
still pictures 
with a long MPU idling state. 
This is because 
a considerably 
low-speed 
operating clock (about 20 kHz to 30 kHz) is 
used 
while in the range 
from 10 MHz to 
about 50 MHz are used for a liquid crystal 
controller 
based 
on existing 
CRT display 
control techniques. 
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Draw data access sequence is the same as 
for a general-purpose 
SRAM interface. 
It 
can easily be connected 
to a CPU address 
bus and data bus. 


CS 


OE 


WE 


1107-1/00 out•••. ---------C~vialiIdDDo~utiC=)_------ 


1107-1/00 
In 


A15-AO 


CS 


OE 


WE 
•• 
r---" 
'r--•.•••• 


1107-1/00 out •••.. 
-----------------4 
••••• 


1107-1/00 
In 


Configuration of Display Data Bit 


Packed PIKe! Method 


One address 
(eight 
bits) 
specifies 
four 
pixels, and pixel bits 0 and 1 are managed 
as 
consecutive 
bits. 
When 
grayscale 
display 
data is manipulated 
in bit units, 
one memory 
access 
is sufficient, 
which 
enables smoo~h high-speed data rewriting. 


For grayscale 
display, 
multiple 
bits 
are 
needed for one pixel. In the HD66520, two 
bits are assigned 
to one pixel, enabling a 
four-level grayscale display. 


Half Tone Display (FRC: Frame Rate 
Control Function) 


The HD66520 incorporates 
an FRC function 
to display four-level grayscale half tone. 


The FRC function 
utilizes 
liquid 
crystal 
characteristics 
whose 
brightness 
is 
changed 
by an effective 
value of applied 
voltage. 
Different voltages 
are applied 
to 


I~ Edit IllttU 


each 
frame 
and 
half 
brightness 
is 
expressed 
in addition to display on/off. 


Since the HD66520 has two-bit 
gray-scale 
data per one pixel, it can display four-level 
grayscale 
and 
improve 
user 
interface 
(figure 
12). 
Figure 
13 
shows 
the 
relationships 
between 
voltage 
patterns 
applied to each frame, the effective voltage 
value, and brightness 
obtained. 
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HD66520 


Applied voltage pattern 


lstlrame 
2nd frame 
3rd frame 
Effective 
voltage 


Display on 
ODD 
ODD 
ODD c> 


DDD 
ODD 
ODD 
ODD 
000 
(wMe)(l,l) 
ODD 
ODD 
ODD 
000 
(VrmO) 


Ha~ tone 1 
.00 
0.0 
0 
c> 


Ell 
Ell Ell 
0.0 
00. • 
EJEJEJ 
(1,0) 
DO. 
.00 
0.0 
Ilillllillllill 
(Vrm1) 
D •• .0. ..0 c> ••• 
Ha~tone 
2 .0. ..0 
D•• 
••• 
(0,1) 
..0 
D•• 
liD. 
••• 
(Vrm2) 
••• ••• • 
c> ••• 
Display off ••• ••• • 
••• 
(black) (0, 0) ••• ••• ••• 
••• 
(Vrm3) 


Brightness 


---.--t---------+---+----------- 


VrmO 
Vrm1 Vrm2 
Vrm3 


Effective 
voltage 


Figure 14 shows a system configuration for 
a 240 X 320-dot LCD panel using HD66520s 
and common driver HD66503 with internal 


liquid 
crystal 
display 
timing 
control 
circuits. 
All required 
functions 
can 
be 
prepared 
for liquid crystal display with just 
three chips except for liquid crystal display 
power supply circuit functions. 


CS:WF,OE 


DBO-OB7 


Al5-AO 


o 
----------------------------------------N 
C") 


Item 


Power voltage 


Symbol 
Ratings 
Unit 
Notes 


Logic circuit 
VCC 
-().3 to +7.0 
V 
1 


LCD drive circuit 
VEE 
VCC-30.0to 
V 
VCC +0.3 


VT1 
-().3 to VCC +0.3 
V 
1,2 


VT2 
VEE -().3 to 
V 
1,3 
VCC +0.3 


1101 
<TBD> 
mA 


1~lol 
<TBD> 
mA 


Topr 
-20 to +75 
·C 


Tstg 
-40 to +125 
·C 


Input voltage (1) 


Input voltage (2) 


Allowable 
output 


current 


Allowable total 
output current 


Operating 
temperature 


Storage 
temperature 


Notes: 
1. 


2. 


3. 


4. 


The reference point is GND (0 V). 


Applies to pins LSO' LS1' SHL, FLM, CL1' M, AOto A15' DBOto DB7' DISP,CS, WE, and DE. 


Applies to pins V1' V2' V3' and V4. 


If the LSI is used beyond its absolute maximum 
rating, it may be permanently 
damaged. It should 
always be used within the limits of its electrical characteristics 
in order to prevent malfunction 
or 
unreliability. 


HD66520 


Recommended 
Operating Conditions 1 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Notes 


Power voltage 
Logic circuit 
VCC 
2.7 
3.3 
3.6 
V 


LCD drive circuit 
VEE 
VCC -10 
VCC -28 
V 


Input high voltage 
VIH 
0.7 x VCC 
VCC 
V 
for log ic circuit 


Input low voltage 
VIL 
0 
0.3 x VCC 
V 
2 
for logic circuit 


Operating 
Topr 
-20 
25 
75 
·C 
temperature 


Notes: 
1. 
Max value is VCC + 1 V when the pulse width is 10 ns or less. 


2. 
Min value is - 1 V when the pulse width is 10 ns or less. 


Recommended 
Operating Conditlons2 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Notes 


Power voltage 
Logic circuit 
VCC 
4.5 
5.0 
5.5 
V 


LCD drive circuit 
VEE 
VCC -10 
VCC -28 
V 


Input high voltage 
VIH 
0.7 x VCC 
VCC 
V 
for logic circuit 


Input low voltage 
VIL 
0 
0.3 x VCC 
V 
2 
for logic circuit 


Operating 
Topr 
-20 
25 
75 
·C 
temperature 


Notes: 
1. 
Max value is VCC + 1 V when the pulse width is 10 ns or less. 


2. 
Min value is - 1 V when the pulse width is 10 ns or less. 


Capacitance 


Measuring 


Item 
Symbol 
Min 
Typ 
Max 
Unit 
Condition 


Input capacitance 
Cin 
<TBD> 
pF 
Vin = 0 V 


I/O capacitance 
CliO 
<TBD> 
pF 
Ta = 25°C 
f= 1 MHz 


Electrical Characteristics 


DC Characteristics1 
(VCC = 2.7 V to 5.5 V, GND = 0 V, VCC - VEE = 8 V to 


28 V, Ta = -20°C to +75°C) 


Item 


Input high 
level voltage 


Input low 
level voltage 


Output high 
level voltage 


Output low 
level voltage 


Vi-Yj on 
resistance 


Applicable 
Symbol 
Pins 


VIH 


Measurement 
Condition 
Min 


·0.7 x VCC 


Max 


VCC 


Unit 


V 


RON 
Y1 to Y160 
V1LN1R, 
V2LN2R, 
V3LN3R, 
and V4LN4R 


Notes: 
1. 
Indicates the resistance between one pin from Y1 to Y160 and another pin from V2LN2R, V3LN3R, 
V4LN4R, and VEE' when load current is applied to the Y pin; defined under the following 
conditions: 


VCC-VLCD 
= 28 V 
V1LN1R, V3LN3R = VCC - 2/10 (VCC- VEE) 
V4LN4R, V2LN2R = VEE + 2/10 (VCC- VEE) 


V1LN1R and V3LN3R should be near the VCC level, and V2LN2R and V4LN4R should be near the VEE 
level. All voltage must be within tN. tN is the range within which RON, the LCD drive circuits' output 
impedance, is stable. Note that tN depends on power supply voltages VCC- VEE' See figure 15. 


VCC 
••••••••• V1LN1R 


·····V3LN3R 
5.6 •••••••••••••••••••• 
~ 
~ 2.0.· 
. 
~ --, 
r--····_--··_·-V4LN4R 


t.V 
u 
__ 
Ve~2R 
8 
28 
VCC-VEE 
IV) 


DC CharacteriBtlcB2 (VCC = 2.7 V to 3.6 V, GND = 0 V, VCC - VEE = 10 V to 
28 '" Ta = -20°C to +75°C) 


Applicable 
Measurement 


Item 
Symbol 
Pins 
Min 
Typ 
Max 
Unit 
Condition 
Notes 


Input leakage 
'1l1 
-1.0 
1.0 
!LA 
VIN = VCC to GND 


current (1) 


Input leakage 
11L2 
V1LN1R, 
-25 
25 
!LA 
VIN = VCC to VEE 


current (2) 
V2LN2R, 
V3LN3R, 
and V4LN4R 


Power 
lac 
TBD 
TBD 
mA 
tcyc = 150 ns 


consumption 
VCC -VEE 


during RAM 
= 28V 


access 


Power 
lEE 
TBD 
TBD 
I1A 


consumption 
in LCD drive 
part 


Power 
1015 
TBD 
TBD 
!LA 
Tcyc = 500 ms 
1,2 
consumption 
during display 
operation 


Notes: 
1. 
Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
the power supply through to the input circuit. To avoid this, VIH and VIL must be held to VCC and 
GND levels, respectively. 


2. 
Indicates the current when the display-operation 
memory access is idling. 


DC Characteristics3 
(VCC = 4.5 V to 5.5 V, GND = 0 V, V CC - VEE = 8 V to 


28 '" Ta = -20°C to +75°C) 


Applicable 
Measurement 


Item 
Symbol 
Pins 
Min 
Typ 
Max 
Unit 
Notes 


Input leakage 
1111 
-1.0 
1.0 
IJ.A 
VIN = VCC to GND 


current (1) 


Input leakage 
IIL2 
V1LN1R, 
-25 
25 
~ 
VIN = VCC to Vee 


current (2) 
V2LN2R, 
V3LN3R, 
and V4LN4R 


Power 
IOC 
TBD 
TBD 
mA 
tcyc = 150 ns 


consumption 
VCC -Vee 


during RAM 
= 28V 


access 


Power 
ILCD 
TBD 
TBD 
~ 


consumption 
in LCD drive 
part 


Power 
IDls 
TBD 
TBD 
~ 
Tcyc = 500 ms 
1,2 


consumption 
during display 
operation 


Notes: 
1. 
Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
thll power supply through to the input circuit. To avoid this, VIH, and VIL must be held to VCC and 
GND levels, respectively. 


2. 
Indicates the current when the display-operation 
memory access is idling. 


• 


AC Characteristics1 
(VCC = 2.7 V to 5.5 V, GND = 0 V, VCC - VEE = 8 V to 
28'7, Ta = -20°C to +75°C) 


Display-Data Transfer TiDdng 


Applicable 
No. 
Item 
Symbol 
- 
Pins 
Min 
Max 
Unit 
Notes 


1 
Clock 
cycle 
time 
tCYC 
CL1 
10 
•.•.s 


2 
CL1 high-level 
tCWH 
CL1 
<TBD> 
ns 
width 


3 
CL 1 low-level 
tCWL 
CL1 
1.0 
•.•.s 
width 


4 
CL 1 rise time 
tr 
CL1 
50 
ns 


5 
CL 1 fall 
time 
tf 
CL1 
50 
ns 


6 
FLM setup 
time 
tFS 
FLM, 
CL1 
<TBD> 
ns 


7 
FLM hold 
time 
rFH 
FLM, 
CL1 
<TBD> 
ns 


fCYC=1IlCYC 
Max:100kHz 


O.7Vcc 


O.3Vcc 


HD66520 


AC Characteristics1 
(VCC = 4.5 V to 5.5 V, GND = 0 V, VCC - VEE = 8 V to 
28 V,Ta = -20°C to +75°C) 


Draw Access Timing 1 


Common Items 


No. 
Item 
Symbol 
Min 
Max 
Unit 
Notes 


1 
Address setup time 
tAS 
20 
ns 


2 
Address hold time 
tAH 
0 
ns 


3 
Chip select time 
tcw 
40 
tCYC-50 
ns 


ReaclCyde 


No. 
Item 
Symbol 
Min 
Max 
Unit 
Notes 


1 
Read cycle time 
tRC 
60 
ns 


2 
Address accesstime 
tAA 
20 
ns 


3 
Chip select accesstime 
tACS 
20 
ns 


4 
CS output set time 
tCLZ 
0 
ns 


5 
CS setup time 
tcss 
0 
ns 


6 
CS hold time 
tCSH 
0 
ns 


7 
OE low level width 
tOLW 
40 
ns 


8 
Delay time from output- 
tOE 
0 
20 
ns 
enable to output 


9 
Delay time from output- 
tOLZ 
0 
ns 
enable to output (low 
impedance) 


10 
CS and output floating 
tCHZ 
0 
10 
ns 


11 
Delay time from output- 
tOHZ 
0 
10 
ns 
disable to output 
.• 


12 
Output hold time 
tOH 
5 
ns 


13 
Output voltage rise/fall 
tT 
50 
ns 
time 


HD66520 


WriteCyde 


No. 
Item 
Symbol 
Min 
Max 
Unit 
Notes 


1 
Write cycle time 
twc 
60 
ns 


2 
Address valid time 
tAW 
60 
ns 


3 
Write pulse width 
twp 
40 
20 
ns 


4 
Oelay time from output- 
tOHZ 
0 
10 
ns 
disable to output 


5 
Input data set time 
tow 
30 
ns 


6 
Input data hold time 
tOH 
5 
ns 


tACS 


tCLZ 


tOlW 


tOE 


I/O In 
.----------------. 


HD66300T------- 
(Horizontal Driver for TFT-Type LCD 
Color TV) 


The HD66300T is a horizontal 
driver used for TFr- 


type (Thin Film Transistor) 
LCD color TVs. Specifi- 
cally, it drives the drain bus signals of a TFr -type LCD 
panel. 


The HD6630ar receives as inputt1).~ 
video~ignals R, 


G, B, and their inverted signals R, G and B. Internal 
sample and hold circuitry 
then samples and holds 


these signals before outputting 
them via voltage fol- 


lowers to drive a TFf-type 
LCD panel. 


The HD6630ar 
can drive LCD panels from 480 X 240 


pixels middle-resolution 
up to 720 x 480 pixels high- 


resolution. It has 120 LCD drive outputs and enables 
design ofa compact LCD TV dueto TCP <TapeCarrier 
Package) technology. 


Type 
No. 
Package 


HD66300TOO 
156-pin TCP 


Note: 
The details of TCP pattern are shown in 
"The Information 
of TCP: 


• 
LCD drive outputs: 120 
• 
Internal sample and hold circuits: 480 (4 circuits 
per output) 
• 
Support of single-rate sequential drive mode and 
double-rate 
sequential drive mode 
• 
Support of various types of color filter arrange- 
ments through an internal color sequence control- 
ler 
• 
Vertical pixels: 240 (middle-resolution) 
or 480 
(high-resolution) 
• 
Horizontal pixels: 480 to 720 
• 
Support of monodirectional 
connection mode and 
interleaved 
connection 
mode through 
a bidirec- 
tional shift register 
• 
Dynamic range: 15 Vpp 
• 
Power supply: +5 V and -15 V 
• 
CMOS process 


HD66300T 


Pin Description 


Pin List 


Pin Name 
Number 
of Pins 
Input/Output 
Connected 
to 
Functions 
(Refer 
to) 


01 - 0120 
120 
0 
LCD panel 
1. 


HCK1, HCK2, 
3 
Controller 
2. 


HCK3 


DL, DR 
2 
VO 
Controller 
or 
3. 


next HD66300T 


FD 
Controller 
4. 


RS 
GND 
5. 


OE 
Controller 
6. 


SHL 
Vcc or GND 
7. 


DtS 
Vcc or GND 
8. 


LIF 
Vcc or GND 
9. 


MSF1, MSF2 
2 
Vcc orGND 
10. 


TEST1, 
TEST2 
2 
GND 
11. 


Vx1, Vx2, Vx3, 
6 
Inverter 
12. 


Vy1. Vy2. Vy3 


Vbo 
Power source 
13. 


VbsB' VbsH 
2 
Power source 
14. 


VLc1, VLc2, 
4 
Power source 
15. 


VLc3, VLc4 


Vcc1, Vcc2. 
3 
Power source 
16. 


Vcc3 


GND 
Power source 
17. 


VBB1. VBB2. 
4 
Power source 
18. 


VBB3. VBB4 


2. HCKl, HCK2, HCK3: These pins input three-phase 
clock pulses, which determine 
the signal sampling 
timing for sample and hold circuits. 


3. DL, DR: These pins input or output 
data into or 
from the internal bidirectional 
shift register. The state 
of pin SHL determines 
whether these pins input or 
output data. 


SHL 


Vcc 


GND 


Output 


Input 


Input 


Output 


4. FD: This pin inputs the field determination 
signal, 
which allows the sample and hold circuitry and the 
shift matrix circuit to operate synchronously 
with TV 
signals, at its rising and falling edge. 


FD = high: First field 


FD = low: Second field 


When a non-interlace 
signal is applied, 
it must be 


inverted every field. 


When an interlace 
signal is applied 
in double-rate 
sequential drive mode with per-line inversion (mode 
1,2,3), the signal must be set high in both fields. The 
signal must be set low, however, in each field's hori- 
zontal retrace period. 


5. RS: This pin inputs 
a test signal and should be 
connected to pin GND. 


6. DE: This pin inputs the signal which controls the 
controller 
of the shift matrix circuit; it changes the 
selection of a sample and hold circuit and the shift 
matrix (combination of color data), at its rising edge. 
It also switches the bias current of the output buffer, as 
shown in the following 
table. 


OE 


High 


low 


Bla8 Current of Output Buffer 


large 
current 
(determined 
by VbsB) 


Small current 
(determined 
by VbsH) 


7. SHL: This pin selects the shift direction of the shift 
register. 


D/S 


High 


low 


Double-rate 
sequential 
drive mode 


Single-rate 
sequential 
drive mode 


9. IlF: This pin selects the inversion 
mode of LCD 
drive signals. 


High 


low 


10. MSF1, MSF2:These pins select the function of the shift matrix circuit; they should be set according to both the 
type of color filter arrangement on a TFf -type LCD panel and the drive mode. 


Filter Arrangement 
Drive Mode 
MSF1 
MSF2 


Diagonal 
mosaic 
Single-rate 
GND 
VcdGND* 


pattern 
Double-rate 
GND 
VcdGND* 


Vertical 
stripe 
Single-rate 
Vcc 
Vcc 


pattern 
Double-rate 
Vcc 
Vcc 


Unicolor 
triangular 
Single-rate 
Vcc 
Vcc 


pattern 
Double-rate 
Vcc 
GND 


Bicolor triangular 
Single-rate 
Vcc 
GND 


pattern 
Double-rate 
Vcc 
GND 


Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 
Note * Refer to table2 and timing charts of each mode 


11. TEST1, TEST2: These pins input test signals and 
should be connected to pin GND. 


12. VX1,Vx2, Vx3, Vyl, Vy2, Vy3: Video signals are 
applied to these pins; in general, positive video sig- 
nals are connected to pins Vxi and negative video 
signals to pins Vyi. 


13. Vbo: Bias voltage is applied to this pin for the 
differential amplifier in the sample and hold circuitry. 


14. VbsB'Vbsff Bias voltage is applied to this pin for 
the two power sources of the output buffer. 
VbsB:The voltage for driving a capacitive load 
VbsH: The voltage for holding the output voltage 


15. VLeI, VLc2' VL2, VLe4:+5 V LCD drive voltage 
is applied to these pins. 


16.Veel, Vec2, Ve2, 
Vee4: +5 V is applied to these 
pins for the logic and the analog units. 


18. VBB1,VBB2:-15 V is applied to these pins for the 
LCD drive unit. 


19. VBB3,VBB4:-15 V is applied to these pins for the 
LCD drive unit. 


Vx1 
Vx2 


Vx3 


V,I 
:I 
Vy2 


~ 


V,3 


0 
DIS 
:I 
L/F 
- 


MSF1 


MSF2 
FD 


DE 


] 
--0 V •• 


Internal signal bus 


Shift Register: The shift register generates the sam- 
pling timing for video signals. It is driven by three- 
phase clocks HCKl, HCK2, and HCK3, whose phases 
are different 
from each other by 12()O; each clock 
determines the sampling timing for one color signal so 
that three clocks support the three color signals R, G, 
and B.The shift direction of this register can be changed. 


Level Shifter: The level shifter changes S-V signals 
into 20-V signals. 


Sample and Hold Circuitry: In double-rate 
sequen- 
tial drive mode, two sample and hold circuits are 
selected to sample video signals during one horizon- 
tal scanning period out of the four circuits attached to 
one LCD drive signal. One of the two selected circuits 
is read out in the first half of the following horizontal 


scanning period, and the other selected circuit is read 
out in the second half. While the two circuits are being 
read out, the other two circuits sample signals and are 
alternately read out in the same procedure mentioned 
above. 


In single-rate sequential drive mode, one sample and 
hold circuit samples a signal during 
one horizontal 
scanning 
period, 
and is read out in the following 
horizontal scanning period. While it is being read out, 
one circuit out of the other three samples a signal. 


Shift Matrix Circuit: The shift matrix circuit, a color 
sequence controller, changes over the sampled video 
signal every horizontal 
scanning period. 


Output Buffer: The output buffer consists of a source 
follower circuit and can change the through-rate 
of an 
output signal by changing the external bias voltage. 


Video 
input 
0-----+0 


R,G, 
B 


ii,G,B 


TFT -type 
color LCD panel 


720 x 480 pixels 
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-OE 
- 
HCK3 


..--- 
HCKZ 
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Figure 1 Example of HD66300T Connection 
to LCD Panel 
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three-phase clocks having a 
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Due to a 1.5-pixel position shift 
between even number lines 
and odd number lines, a 1.5- 
pixel phase shift must be gen- 
erated between the clocks for 
even number lines and those 
for odd number lines when an 
LCD panel of unicolor triangu- 
lar pattern is used. 
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Figure 2 Timing chart 


HITACHI 


Number of horizontal pixels: 
- 120, 240,360, 600, and 720 in monodirectional 
con- 
nection mode 


- 240, 480, and 720 in bidirectional 
connection mode 


Number of vertical pixels: 
- 240 in single-rate sequential drive mode 
- 480 in double-rate 
sequential drive mode 


Single-Rate 
Sequential 
Drive 
Mode and Double- 


Rate Sequential 
Drive Mode 


Single-Rate 
Sequential 
Drive Mode: A typical TV 
signal (Note) has 525 scanning lines, 480 of which are 
part of the valid display period. In interlace scanning 
mode, 480 scanning lines are equally divided into a 
first field and a second field. 


In single-rate sequential drive mode, a 240-pixel-high 
LCD panel is used. 240 scanning lines of the first and 
second fields of the TV signal are respectively 
as- 


signed to the 240 lines of the LCD panel. 


One line of an LCD panel is driven every horizontal 
scanning period in this mode. 


Double-Rate 
Sequential 
Drive Mode: To obtain a 
high-resolution 
display, a 480-pixel-high LCD panel 
is used. If 480 scanning lines are respectively assigned 
to the 480 lines of the LCD panel, the LCD alternating 
frequency 
becomes 
15 Hz, which causes flickering 
and degrades display quality. To avoid this problem, 
the following method is employed. 
In the first field, 
the first scanning 
line is assigned 
to the first and 
second lines of the LCD panel, the second scanning 
line is assigned to the third and fourth lines, and so on. 
In the second field, the first scanning line is assigned 
to the second and third lines, the second scanning line 
is assigned to the fourth and fifth lines, and so on. 


Two lines of an LCD panel are driven every horizontal 
scanning period in this mode. 


Note: 
Refer to the index for the further information of NTSC 
TV system signals and LCD. 


Supportable 
Types of Color Filter Arrangements 


The order and timing for the HD66300T to output 
color signals depend 
on the color filter arrangement 
on a TFf -type LCD panel. The HD66300T can support 


(a) Diagonal 
from top-left to bottom-right 
mosaic 
pattern 


(b) Diagonal 
from top-right 
to bottom-left 
mosaic 
pattern 


TFf -type LCD panels having the following color filter 
arrangements 
by specifying the operation of the inter- 
nal color sequence controller 
and by changing 
the 
external signals to be supplied. 


Figure 3 Supportable 
Types of Color Filter Arrangements 
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Filter 
Arrangement 
Drive Mode 
D/S 
MSF1 
MSF2 
Referential 
TImIng 
Charts 


Diagonalmosaic 
Single-rate 
GND 
GND 
Vcc'GND 
MODES15,16,18, and 19 


pattern 
Double-rate 
Vcc 
GND 
Vcc'GND 
MODES1, 2, 5, 6, 8, 9, 


12, and 13 


Verticalstripe 
Single-rate 
GND 
Vcc 
Vcc 
MODES17 and 20 


pattern 
Double-rate 
Vcc 
Vcc 
Vcc 
MODES3, 7, 10, and 14 


Unicolortriangular 
Single-rate 
GND 
VCC 
VCC 
MODES17 and 20 


pattern 
Double-rate 
Vcc 
Vcc 
GND 
MODES4 and 11 


Bicolortriangular 
Single-rate 
GND 
VCC 
GND 
MODE17 


pattern 
Double-rate 
VCC 
Vcc 
GND 
MODES4 and 11 


Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 


Mode setting pins MSFl, MSF2, and DIS must be set 
according to both the type of color filter arrangement 
on the TFf -type LCD panel and the drive mode (single- 
rate sequential drive mode or double-rate 
sequential 
drive mode). These pins activate the internal color 
sequence controller, which changes the sequence of 
color video signals corresponding 
to each sam pIe and 
hold circuit and allows the LSIto output color data in 
the right order for the LCD panel being used. 


The inversion 
mode of LCD drive signals can be 
selected by pin L/F. 


In a certain field, all LCD drive signals have one 
polarity and in the following field, they all have the 
inverted polarity. 


In a certain field, all LCD drive signals have positive 
polarity in odd number lines and negative polarity in 
even number lines, while in the following field, the 
situation is reversed, that is, negative polarity in odd 
number lines and positive polarity in even number 
lines. 


Video signals must be connected 
to pins Vxl, Vx2, 
Vx3, Vyl, Vy2, and Vy3; in principle, positive video 
signals R, G, and B signals must be input to pins Vxl, 
Vx2, and Vx3, and negative video signals R, G, and B 
to pins Vyl, Vy2, and Vy3. For actual connection 
between 
an LCD panel and the LCD drive signal 


In the case of Diagonal from top-left to bottom-right 
mosaic pattern. 


This example describes 
the case in which an LCD 
panel having a diagonal from top-left to bottom-right 
mosaic pattern 
is driven 
in doubl~rate 
sequential 
drive mode and monodirectional 
connection mode. 


Output Pin 


01 (=03k + 1) 


02 (=03k+ 2) 


03 (=03k+3) 


Color sequence 


R-+B-+G-+R-+ 


G-+R-+B-+G-+ 


B-+G-+R-+B-+ 


Output Pin 


01 (=03k+ 1) 


02 (=03k+ 2) 


03 (=03k+ 3) 


(Refer to MODE 5) 


Color sequence 


Vx1 -+ Vx3 -+ Vx2 -+ Vx1 -+ 


Vx2 -+ Vx1 -+ Vx3 -+ Vx2 -+ 


Vx3 -+ Vx2 -+ Vx1 -+ Vx3 -+ 


Signal 


Vx1 


Vx2 


Vx3 


Vy1 


Vy2 


Vy3 


Color 


R 


G 


B 
R 


G 


B 


1st line 
R 
G 
B 
R 
G 
B 


2nd line 
B 
R 
G 
B 
R 
G 


3rd 
line 
G 
B 
R 
G 
B 
R 


4th line 
R 
G 
B 
R 
G 
B 


In the case of Diagonal 
from top-right to bottom-left 
mosaic pattern, Vertical stripe pattern 


The same procedure forvideo signal connection applies 
to the case in which a TFr-type 
LCD panel having a 
diagonal from top-right to bottom-left mosaic pattern 
or a vertical stripe pattern is used, as well as to the 
cases where a panel of any pattern is used through the 
bidirectional 
connection mode. 


Triangular 
Pattern, 
Single-Rate 
Sequential 
Drive 
Mode 


The following procedures 
are required when a panel 
of unicolor or bieolor triangular 
pattern is used: 


1.UnicolorTriangular 
Pattern, Single-Rate Sequential 
Drive Mode 


The clock phase must be changed every line because 
of the l.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation 
of 
sampling clocks.) 
The connection 
of signals here is the same as that 
described above. 


2. Bieolor Triangular 
Pattern, Single-Rate Sequential 
Drive Mode 


The clock phase must be changed every line because 
of the O.5-pixelphase shift between even number lines 
and odd number lines. (Refer to the explanation 
of 
sampling clocks.) 
The connection 
of video signals in the second field 
must be changed from that in the first field. See the 
following tables. 


Output Pin 


01 (-03k+ 
1) 


02 (-03k+2) 


03 (-03k+3) 


Color Sequence 


R --+ B --+ R --+ 
B--+ 


G --+ R --+ G --+ 
R--+ 


B --+ G --+ B --+ 
G--+ 


Per·Fleld Inversion 
Per·Llne Inversion 
Mode (UF = low) 
Mode (UF =hlgh) 
1st Field 
2nd Field 
1st Field 
2nd Field 
Vx1 
R 
B 
R 
B 
Vx2 
G 
R 
G 
R 
Vx3 
B 
G 
B 
G 
Vy1 
B 
R 
B 
R 
Vy2 
R 
G 
R 
G 


Vy3 
G 
B 
G 
B 


1040 
HITACHI 


Output Pin 


1st 
01 (-03k+ 
1) 


field 
02 (-03k 
+ 2) 


03 (-03k 
+ 3) 


2nd 
01 (-03k+ 
1) 


field 
02 (-03k 
+ 2) 


03 (-03k+ 
3) 


(Refer to Mode 17) 


Signal Sequence 


Vx1 --+ Vy1 --+ Vx1 --+ Vy1 --+ 


Vx2 --+ Vy2 --+ Vx2 --+ Vy2 --+ 


Vx3 --+ Vy3 --+ Vx3 --+ Vy3 --+ 


Vy1 --+Vx1 --+ Vy1 --+ Vx1 --+ 


Vy2 --+Vx2 --+ Vy2 --+ Vx2 --+ 


Vy3 --+ Vx3 --+ Vy3 --+ Vx3 --+ 


Triangular 
Pattern, Double-Rate Sequential Drive 
Mode 


Changing 
the phase of the sampling 
clocks is suffi- 
cient when the panel is driven in single-rate sequential 
drive mode. However, 
when the panel is driven in 
double-rate sequential drive mode, the above counter- 


measure does not work, since the display data for two 
lines is sampled at one time here. Consequently, 
de- 


laying the input video signal for a time period corre- 
sponding 
to the shift between pixels is required. 


Video 
signal 


Delayed video 
signal 


Sampling 
clocks 


A shift 
in pixel position 
exists between 
the lines. 


!i Delay 
, 
,1 


: 
i 
III 
I 
I 
I 
I,, 
I 
__ 
~Il---.-__ 


2 __ 
~n __ 


Figure 5 
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OUtput Pin 
Color sequence 


01 (-03k + 1) 
R -+ R -+ R -+ R -+ 


02 (-03k + 2) 
G -+G 
-+G 
-+ G -+ 


03 (-03k + 3) 
B -+ B -+ B -+ B -+ 


Output Pin 


1st 
01 (-03k + 1) 


field 
02 (-03k + 2) 


03 (-03k+3) 


2nd 
01 (-03k + 1) 


field 
02 (-03k + 2) 


03 (-03k+3) 


(Refer to MODE 4) 


Signal sequence 


Vx1 -+ Vy1 -+ Vx1 -+ Vy1 -+ 


Vx2 -+ Vy2 -+ Vx2 -+ Vy2 -+ 


Vx3 -+ Vy3 -+ Vx3 -+ Vy3 -+ 


Vy1 -+ Vx1 -+ Vy1 -+ Vx1 -+ 


Vy2 -+ Vx2 -+ Vy2 -+ Vx2 -+ 


Vy3 -+ Vx3 -+ Vy3 -+ Vx3 -+ 


Output Pin 


1st 
01 (-03k+ 
1) 


field 
02 (-03k + 2) 


03 (-03k+3) 


2nd 
01 (-03k + 1) 


field 
02 (-03k + 2) 


03 (-03k+3) 


(Refer to MODE 11) 


Signal sequence 


Vx1 -+ Vy1 -+ Vx1 -+ Vy1 -+ 


Vx2 -+ Vy2 -+ Vx2 -+ Vy2 -+ 


Vx3 -+ Vy3 -+ Vx3 -+ Vy3 -+ 


Vx1 -+ Vy1 -+ Vx1 -+ Vy1 -+ 


Vx2 -+ Vy2 -+ Vx2 -+ Vy2 -+ 


Vx3 -+ Vy3 -+ Vx3 -+ Vy3 -+ 


Per-Field Inversion 
Per-Line Inversion 


Mode (LJF = low) 
Mode (LJF =hlgh) 


1st Field 
2nd Field 
1st Field 
2nd Field 


Vx1 
Delayed 
R 
R 
Delayed 
R 
R 


Vx2 
Delayed 
G 
G 
Delayed G 
G 


Vx3 
Delayed 
B 
B 
Delayed 
B 
B 


Vy1 
R 
DelayedR 
R 
Delayed 
R 


Vy2 
G 
DelayedG 
G 
Delayed G 


Vy3 
B 
Delayed 
B 
B 
DelayedB 


The Connection of Signals In Each Field In Non-Interlace 
Mode 


Per-Field Inversion 
Per-LIne Inversion 


Mode (LJF = low) 
Mode (LJF =hlgh) 


1st Field 
2nd Field 
1st Field 
2nd Field 


Vx1 
Delayed 
R 
Delayed R 
Delayed 
R 
Delayed 
R 


Vx2 
Delayed 
G 
DelayedG 
DelayedG 
Delayed G 


Vx3 
Delayed 
B 
Delayed B 
Delayed 
B 
DelayedB 


Vy1 
R 
R 
R 
R 


Vy2 
G 
G 
G 
G 


Vy3 
B 
B 
B 
B 
• 


OUtput Pin 


01 (-03k + 1) 


02 (-03k + 2) 


03 (-03k+ 
3) 


Color sequence 


R~R~R~R~ 


G~ 
R~G~R~ 


B~G~B~G~ 


OUtput Pin 
Signal sequence 


1st 
01 (-03k + 1) 
Vx1 ~ 
Vy1 ~ 
Vx1 ~ 
Vy1 ~ 


field 
02 (-03k+2) 
Vx2 ~ 
Vy2 ~ 
Vx2 ~ 
Vy2 ~ 


03 (-03k + 3) 
Vx3 ~ 
Vy3 ~ 
Vx3 ~ 
Vy3 ~ 


2nd 
01 (-03k + 1) 
Vy1 ~ 
Vx1 ~ 
Vy1 ~ 
Vx1 ~ 


field 
02 (-03k+ 
2) 
Vy2 ~ Vx2 ~ 
Vy2 ~ 
Vx2 ~ 


03 (-03k + 3) 
Vy3 ~ 
Vx3 ~ 
Vy3 ~ 
Vx3 ~ 


(Refer to MODE 4) 


OUtput Pin 
Signal sequence 


1st 
01 (-03k + 1) 
Vx1 ~ 
Vy1 ~ 
Vx1 ~ 
Vy1 ~ 


field 
02 (-03k+2) 
Vx2 ~ 
Vy2 ~ 
Vx2 ~ 
Vy2 ~ 


03 (-03k + 3) 
Vx3 ~ 
Vy3 ~ 
Vx3 ~ 
Vy3 ~ 


2nd 
01 (-03k + 1) 
Vx1 ~ 
Vy1 ~ 
Vx1 ~ Vy1 ~ 


field 
02 (-03k+2) 
Vx2 ~ 
Vy2 ~ 
Vx2 ~ Vy2 ~ 


03 (-03k+3) 
Vx3 ~ 
Vy3 ~ 
Vx3 ~ Vy3 ~ 


(Refer to MODE 11) 


The Connection of Signals In Each Field In Interlace Mode 


Per-Field Inversion 
Per-Line Inversion 


Mode (UF • low) 
Mode (UF =hlgh) 


1st Field 
2nd Field 
1st Field 
2nd Field 


Vx1 
Delayed R 
B 
Delayed R 
B 


Vx2 
DelayedG 
R 
DelayedG 
R 


Vx3 
Delayed B 
G 
Delayed B 
G 


Vy1 
B 
DelayedR 
B 
DelayedR 


Vy2 
R 
DelayedG 
R 
Delayed G 


Vy3 
G 
DelayedB 
G 
Delayed B 


The Connection of Signals In Each Field In Non-Interlace Mode 


Per-Field Inversion 
Per-Line Inversion 


Mode (UF = low) 
Mode (UF =hlgh) 


1st Field 
2nd Field 
1st Field 
2nd Field 


Vx1 
Delayed R 
Delayed R 
Delayed R 
Delayed R 


Vx2 
DelayedG 
DelayedG 
DelayedG 
DelayedG 


Vx3 
Delayed B 
Delayed B 
Delayed B 
Delayed B 


Vy1 
B 
B 
B 
B 


Vy2 
R 
R 
R 
R 
- 


Vy3 
G 
G 
G 
G 


In the former mode, the HD66300Ts are set on either 
the upper side or lower side of the panel, while in the 
latter mode, the HD66300Ts are set on both sides and 
the upper drivers and the lower drivers are alternately 
connected to each pixel-column. 


There are two modes of connecting HD66300T chips 
to an LCD panel: 


1) monodirectional 
connection mode 
2) interleaved 
connection mode 


The HD66300T has four sample and hold circuits for 
each outputs as shown in the block diagram, and its 
internal 
bidirectional 
shift register 
controls 
which 
circuits to sample data. 


It has three-phase 
shift clocks with mutual 
phase 
difference of 120° to drive the shift register, which 
enables driving 
an LCD panel with mosaic pattern 
and triangular 
pattern. 


The operation 
of sample and hold circuits and sam- 
pling operation are described below followed by the 
description 
of the relationship 
between three-phase 
shift clock phases and frequencies. 


After the above description, 
determination 
of bias 
voltage 
is described; 
bias voltage controls driving 
characteristics 
of a differential 
amplifier and output 
buffer of the sample and hold circuits. 


HD66300T 


Finally, the OE and FD signals are described; 
they 
determine the operation of the sample and hold shift 
matrix circuit. Timing charts for each mode follow the 
description. 


Operation 
of Sample and Hold Circuitry 


The HD66300T has four sample and hold circuits A, B, 
C, and 0 per LCD drive signal output. 
Sample and 
hold circuit pair A and B is supplied 
with the same 
sampling clock pulses as circuit pair C and O. One of 
the signals output by these circuits is connected to an 
output driver. 


These sample and hold circuits repeat sampling and 
outputting 
of signals alternately to drive an TFf -type 
LCD panel. 


Video 
signals 
input 


Sampling 
clock 
1 


Sampling 
clock 2 


In single-rate sequential drive mode, sample and hold 
circuits A and 0 are alternately used; circuits Band C 
perform sampling operation, 
but are not used since 
they are not connected to the output driver. 


In single-rate sequential drive mode, one sample and 
hold circuit samples the signal during one horizontal 
scanning period, and outputs it as an LCD drive signal 
in the following horizontal scanning period. 


In double-rate sequential drive mode, two sample and 
hold circuits sample two signals during one horizon- 
tal scanning period, and output one of them as an LCD 
drive signal in the first half of the following horizontal 
scanning period, and output 
the other signal in the 
second half. 


The following shows the timing charts of sampling 
and outputting 
operation. 


~ 
__ 
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and 
hold 
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Figure 10 Sampling Timing charts of Double-Rate Sequential Drive Mode 
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The HD66300T has a bidirectional 
shift register com- 
posed of 120 bits and each bit of the shift register 
generates the sampling pulses to control the sampling 
operation 
of the four sample and hold circuits con- 
nected to each LCD drive signal output pin. When a 
bit of the shift register is 1, the corresponding 
sample 
and hold circuits are in the sampling state; when it is 
0, the corresponding 
sample and hold circuits are in 


the hold state. Consequently, 
shifting a 1 into the shift 


register activates in turn the sample and hold circuits 
corresponding 
to each LCD drive signal output pin. 


Figure 11 is a shift register 
sketch illustrating 
the 
relationship 
between the shift register and the shift 
clocks HCKl, HCK2, and HCI<3. Note that the order 
of sampling pulse generation depends on the state of 
pin SHL. D1 corresponds 
to DL and DI20 to DR. 


Figure 12 is a timing chart of sampling pulses gener- 
ated by the shift register. 
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Figure 12 Sampling Pulse Timing Chart 
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Shift clocks HCK1, HCK2, and 
HCK3, which are 
operation 
clocks for the shift register, must be three- 


phase clocks with SO-percent duty. The HCK2 clock 
must be generated 1200 after the HCK1 clock, and the 
HCK3 clock 24QOafter the HCK1 clock. Sampling 


operation starts when 1 is input from pin DL or DR at 
a rising edge of the HCK1 clock pulse. 


In 
monodirectional 
connection 
mode, 
all 
the 
HD66300T chips must be supplied 
with the same 
three-phase 
shift clock pulses. In interleaved 
connec- 


tion mode, the frequency 
of the three-phase 
shift 
clocks must be halfof that in monodirectional 
connec- 
tion mode, and the phase shift between 
the upper 


drivers clocks and the lower drivers clocks must be 
one pixel. 


HCKI -1 


HCK2 
II 


HCK3 -n 
II 


OUOR Jl 


HCKI 
-1 


!, 


HCK2 
i 


For upper 


I 
I 
drivers 
I 


HCK3 
IIII 


OUOR Ih 


II~pixel 
, 
, 
I 
f 


HCKI 


I 


i 


HCK2 
! 


I 
For lower 
II 


drivers 
i 
HCK3 
I 


OUOR 
n 


The lower driver clock pulses follow 
the upper driver clock pulses by one pixel. 


(b) 
In Interleaved Connection 
Mode 


Some position shift exists between the pixels of even 
number lines and those of odd number lines for LCD 
panels having triangular 
patterns. This requires gen- 
erating a phase shift' between the three-phase 
clocks 


for even number lines and those for odd number lines. 
The required phase shift is 15 pixels for LCD panels 
having a unicolor triangular 
pattern, 
while it is 0.5 
pixels for those having a bicolor triangular 
pattern. 


HCKl 


1st line 
.8 
E::> 
HCKZ 
" 
2nd line 
"0 
~II 
HCK3 
I 
I 
I 
0" 
I 
LI..:= 
DL/DRJll 
3rd line 


: O.5-pixel 
delay 


4th line 
-t-'- 


HCKl 
II" 
HCK2 
c=., ~ 
~.8 
~ E 
HCK3 
0::> 
•... " 


DL/DR-fl 


(b) 
Bicolor 
Triangular 
Pattern 


Three-phase shift clocks can be generated by dividing 
the base clock, which is generated 
from a horizontal 
synchronizing 
clock, through the use of a frequency 
multiplier such as a PLL circuit. 


The number of horizontal pixels ofthe LCD panel and 
the valid display ratio determines 
the base clock 
frequency f. 


valid display ratio is 95% in the NTSC system, the 
base clock frequency f is about 9.59 MHz according 
to the following equation. 


1 - (1/valid display period) x (no. 01 horizontal 
pixels/valid 
display 
ratio) 
- 480/(52.711S9C x 0.95) 
-9.59 
(MHz) 


The three-phase 
clocks can be generated by divid- 
ing f by 3 (in the monodirectional 
connection mode) 
or 6 (in the interleaved 
connection mode). 


Video 
signals 


,,, 


:Horizbntal 
lretrace period 
i4 
.:4 


1 
! 


HCKl J 
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Voltages VbeB, VboH' and Vbo control the drive capa- 
bility of the output buffer and differential amplifier. 
Here the LSI must be used in the range of 


VbeB controls the drive current capability of the output 


buffer when OE is high (lV5B) and VboH controls the 


leakage correction current of when OE is low (IVsH), 
Figure 17and figure 18show the relationship between 
IV5B and VbeB and the relationship 
between IVsH and 


VboH ' respectively. 


VbeB and VboH should be to an appropriate 
level for 
the electrical characteristics 
of the LCD panel used. 


The rise time (tODR)and the fall time (loOF) of the 


output buffer depend on the input level of VbeB' 


Figure 19 shows the relationship 
between loDR' tODF 


and VbeB• 


Vbo controls the bias current of the differential ampli- 


fier (IVbo)' 
Figure 20 shows the relationship between the rise and 
fall times (tODR'to~ 
of the output buffer and VboO 


Vbo should be adjusted to an appropriate 
level for the 
electrical characteristics 
of the LCD panel used. 


The increase of total current consumption 
is 120 times 


larger than that of IVbaB' IVboH and IV1>0' because 
figure 17, 18and 21 each shows the case of one output 
and HD66300T has 120 outputs. 
Figure 17, 18, 19,20and 21 are just for reference and do 
not guarantee 
the characteristics. 
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HD66300T 


DE - high: Drives with large current 
(300 ~. 
typ) 
DE - low: Drives with small current 
(20 ~. 
typ) 


Clock for internal 
circuits: Controls the sample and 
hold circuitry and the controller of the shift matrix 
circuit, and switches the output signal at the DE signal 
rising edge. 


Switching 
of drive apabUity 
of the output buffer: 
Determines the current drive capability of the output 
buffer; 


This function allows the output buffer to operate with 
large current during the transition of an output signal, 
thus shortening 
its falling time. At the same time it 
allows the output buffer to operate with small current 
while an output signal is stable, lowering current con- 
sumption. 


The drive current is controlled by bias voltages VbsB 


(large current) and VbsH (small current). 
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:, 
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The FD signal is the field determination 
signal; a field 
is determined 
by the state of this signal at the rising 
edge of the OE signal. This signal synchronizes 
the 
internal controllers with TV signals. 


The order of outputting 
signals is determined 
at the 
fourth rising edge of the OE signal after the rising or 
falling edge of the FD signal in double-rate sequential 
drive mode, while it is determined 
at the third rising 
edge in single-rate sequential drive mode; hereinafter, 
as long as the FD signal is not changed, signals will be 
output 
in the determined 
order at most every 12 


pulses of the OE signal in double-rate sequential drive 
mode, while at most every 6 pulses in single-rate 
sequential drive mode. 


The FD signal should usually be high in the first field 
and low in the second field. In some modes, however, 
it should be high in both fields, but low for at least one- 
pulse time period of the OE signal during the horizon- 
tal scanning period. 


The order of outputting 
signals and the timing 
of 
inputting the FD signal vary depending 
on the mode. 
For more details, 
refer to the appropriate 
timing 
charts. 
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A TV screen display, which is updated 
30 times per 
second, is called a "frame" and is composed 
of 525 
scanning lines. One frame contains two fields; scan- 
ning lines 1 to 262.5 scan the display in the first field, 
and scanning lines 262.5 to 525 scan the display in the 
second field to fill the gaps which are left unscanned 
in the first field. This scanning 
mode is called an 


"interlace scan." 


The time period in which one scanning line scans the 
display is called a "horizontal scanning period" and is 
about 63.5 J.ls.Within the horizontal scanning period, 
the time period 
that display 
operation 
is actually 
performed 
is called the "valid display period". The 
other period is called the "horizontal retrace period". 


There are two modes for displaying a TV screen image 
on an LCD panel. In the first mode, each scanning line 
in the two fields is assigned to one line of the LCD 
panel; thus, eachofthe 
240 lines of the panel are driven 
by the positive 
signal in the first field and by the 
negative signal in the second field. Here, 3O-Hz alter- 
nating frequency is available, but the number of ver- 
tical pixels is limited to 240. 


In the second mode, every other line of the LCD panel 
can be driven by the first field and the remaining lines 


can be driven likewise by the second field. In this case, 
if one pixel of the LCD panel is considered, it is recog- 
nized that the pixel is driven by signals with opposite 
polarity every frame. This lowers the alternating 
fre- 


quency to 15 MHz, which is only half of the frame 
frequency. Driving LCD elements with signals of such 
low alternating 
frequency 
causes flickering and de- 
grades display 
quality. To raise the alternating 
fre- 


quency to 30 MHz, a method 
can be employed 
in 
which LCD elements are driven once every field in- 
stead of once every frame. 


Specifically, in the first field, the first and second lines 
of the LCD panel are driven respectively 
during the 
first half and second half of the complete horizontal 
scanning period. The same rule is repeated 
for the 
follOWinglines. In the second field, on the other hand, 
the combination of two lines is different. The first line 
is driven during 
the second 
half of the horizontal 
scanning period, and then the second and third lines 
are driven respectively 
during 
the first and second 
half of the following horizontal 
scanning period. The 
same rule is repeated for the following lines. 


Employing this method enables the implementation 
of 480 vertical pixels. 
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Scanning 
line No. 
in the 1st field 


525 


Scanning 
line No. 


in the 2nd field 


23 A 


240 


25 A 


238th 
line 


239th 
line 


2600 


261 
A 


2620 


Scanning 
line No. 


in the 
1st field 


o 286 


A 287 


o 288 


A 
523 


o 524 


A 525 


Scanning 
line No. 
in the 2nd field 


A 
1st line 
23 
B 
2nd line 


C 
3rd 
line 
24 
0 
4th 
line 


: 
A 
261 


B 


C 
262 
o 


237th line 


238th line 


239th line 


C 
285 
o 


286 
B 


C 
287 
o 


C 
523 
o 


524 
B 


C 
525 
o 


Scanning 
line No. 


in the 2nd field 
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Absolute Maximum Ratings 


Item 
Symbol 
RatIngs 
Unit 
Remarks 
Note 


Power supply for 
Vcc 
-0.3 
to +7.0 
V 


logic unit 


Power supply for 
VBB 
Vcc- 
23 to Vee+ 0.3 
V 


analog 
unit 


Input voltage for 
VTe 
-0.3 
to Vcc+ 
0.3 
V 
3 


logic unit 


Input voltage 
for 
VTB 
V00- 0.3 to Vcc+ 0.3 
V 
4 


analog 
unit 


Operating 
Topr 
-20 to +75 
'C 
Applies to logic circuit 


temperature 
-10 to +60 
'C 
Applies 
to analog circuit 


Storage 
TSlg 
-40 to +125 
°C 


temperature 


LCD level voltage 
VLeo 
Vooto Vcc+ 
0.3 
V 


Notes: 
1. 
Value referred to GND = 0 V. 
2. 
If LSls are used above absolute maximum ratings, they maybe permanently 
destroyed. Using them 
within electrical characteristics limits is strongly recommended 
for normal operation. Use beyond 
these conditions will cause malfunction 
and poor reliability. 


3. 
Applies to pins HCKl, HCK2, HCK3, OL"OR, FD, RS, OE, SHL, O/S, L/F, MSFl, MSF2, TESTl, 
TEST2. Vbo, VbsH, and VbsB. 
4. 
Applies to pins Vxl, Vx2, Vx3, Vyl, Vy2, and Vy3. 


Electrical Characteristics 


DC Characteristics 
(VLCD = Vcc= 5 V ±10%, GND = 0 V, Vcc- VBB= 16 to 20 V, Ta = -20 to +75 0c) 


Item 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Notes 


Input high-level voltage 
VIH 
0.7Vcc 
Vcc 
V 
3 


Input low-level voltage 
VIL 
GND 
O.3Vcc 
V 


Output high-level voltage 
VQH 
Vcc-0.4 
V 
-IOH=0.3 
mA 
4 


Output low-level voltage 
VOL 
0.4 
V 
IOL= 0.3 mA 


Input leakage current (1) 
ILl1 
-10 
+10 
IIA 
V1=OV, 
Vcc 
1 


Input leakage current (2) 
'L12 
-10 
+10 
IIA 
VI = VBB, Vcc 
2 


Output current (1) 
IOLIT 
-150 
IIA 
Vcc - VBB = 20 V 
Ok = V1n - 0.5 V 
OE=Vcc 
5 


-10 
IIA 
Apply Vin to Vx and Vy. 


Vin = (Vcc - VBB)12 
OE=GND 
J:dOutput current (2) 
IIN 
+150 
IIA 
Vbo=Vcc-3V 
OK = V1n + 0.5 V 
OE= 
Vcc 


~ 
+10 
IIA 
VbSH= Vcc - 3 V 
J: 
VbsB= Vcc - 3 V 
OE=GND 
-Cu rrent consumption 
IGNO 
3.0 
mA 
fCk = 2.5 MHz, Vbo = Vcc - 3 V 
6 


188 
15 
30 
iTiA 
VbSH= Vcc - 3 V, VbSB= Vcc - 3 V 


OE = 33 kHz, 


FD=30Hz 


OE duty = 7/32 


Bias voltage 
Vb 
Vcc-4.0 
Vcc-3.0 
V 
Vbo = VbSH= VbsB. 


CL = 100 pF, tOOR~ 6.3 liS 


Dynamic range 
VOY 
VBB+1.5 
Vcc-3.5 
V 
VCC-VBB=20V, 
::r: 
Ta = -10 to +60°C 
5,7,9 
t1 
m 


-0.5 V < VOlt< +0.5 V 
m 
W 
Vbo = VbsH= VbsB= Vcc - 3 V 
0 
0 
0 
Q) 
t-3 
w 


g DC Characteristics 
(VLCO= Vcc=5 v ±10%,GNO=OV, 
vcc- vaa = 16 to 20 V, Ta =-20to+75 
0c)(Cont.) 
,.. 


hem 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Offset voltage 
Vaff(l) 
-5-180 
-5 + 180 
mV 
Vcc- 
VaB = 20 V 
V1n = -11 V 


Ta = -10 to + 60°C 


Vaff(H) 
+55-180 
+55+ 180 
mV 
fCk = 2.5 MHz 
V1n = -1 V 


Voo = VbsH = VbSB 


= Vcc-3 
V 


Notes 


5,8,9 


1. 
Applies to pins HCK1, HCK2, HCK3, OL, DR, FD, R5, OE, 5HL, 0/5, L/F, M5Fl, M5F2, TE5Tl, TE5T2, V00' VbsH' and VbsB' 


2. 
Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3. 


3. 
Applies to pins HCK1, HCK2, HCK3, OL, DR, FD, R5, OE, 5HL, 0/5, L/F, M5F1, M5F2, TE5Tl, and TE5T2. 


4. 
Applies to pins OL and DR. 


5. 
Applies to pins D1 - 0120. 


6. 
The shift register is constantly shifting one 1. 


Mode setting: L/F = VCC' 0/5 
= VCC' M5F1 = GND, M5F2 = VCC 


(The other input pins must be VCCor GNO level.) 
7. 
The operations are the same as those when offset voltage is measured. 


8. 
Definition of "offset voltage" is shown figure 27. 


9. 
These characteristics are defined within the temperature 
which is shown in the test condition. 


HD66300T 


AC Charaderistics(VLCO 
= Vcc=S 
V± 
10%, GND = OV, VCC- VBB = 16to 20V, Ta =-20 
to +7S 
0C) 


Item 
Symbol 
Mln 
Max 
Unit 
Test Condition 
Notes 


Three-phase 
clock period 
tCKCK 
210 
1000 
ns 


Three-phase 
clock 
tCWH 
100 
ns 


pulse width 
tCWl 


Interval 
between 
three-phase 
t1r1 
30 
ns 


clock falling 
edge and rising 
tlr2 
edge 


t'r3 


Interval between 
three-phase 
trf 
20 
ns 
2 


clock rising edge and falling 


edge 


Clock rise and fall times 
tet 
30 
ns 


DL, DR input setup time 
tsu 
50 
ns 


DL, DR input hold time 
tHlI 
20 
ns 


DL. DR output delay time 
tpd 
90 
ns 
Cl .15 
pF 


DL. DR output hold time 
tHlO 
5 
ns 


OE input period 
tcvco 
30 
80 
IJ.S 


OE input high-level 
pulse 
tOWH 
3 
15 
lls 
width 


OE rise and fall times 
tor 
30 
ns 


tol 


FD input setup time 
tFS 
100 
ns 


FD input hold time 
tFH 
100 
ns 


Notes: 
l. 
Necessary for preventing 
the three-phase 
shift register from racing. 
2. 
trf must satisfy the DR and DL input 
hold time <tmJ) of the next horizontal 
driver. 


<trf + mo 
> tHLI) 


~ ~" ~-fl- 
~ 
~ 
L-)~ 
1,oJJS 
I 


: 
I 
I 
•• 
I- 
t 
: 
: 
: 
' 
: 
I 
I 
I 
I 
GOps 
I 


I 
_I 


, 
, 
r 
I 


: 
59!,5 
.L 
ss 
: 
59!,5 
I 


-lV 
----------------1-------- 
-------r:------------ 
-------------- 
Voff(H) 


Dou! 
Voff(L) 


-11V 
---------- 
------------------ 
------------ 
-------------- 
)~ 
r 


tCKCK 
t~t~: 


HCKl y 
\_~/ 


DL 
DR 
(OUTPUT) 


DL 
DR 
(INPUT) 


O.7Vee 


O.3Vee 


O.7Vee 


O.3Vee 


Figure 30 OE, FD Input Timing, 
Driver Output Timing 
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HD66310T 
(TFT-Type LCD Driver for VDT) 


Description 


The HD66310T 
is a drain bus driver for lFf-type 
(thin film transistor) LCDs. 
It receives 3-bit digital 
data for one dot, selects a level from eight voltage 
levels, and outputs the level to an LCD. 


The HD66310T 
can drive an LCD panel with an 
RGBW 
filter 
to 
display 
a maximum 
of 4096 
colors. 


• 
Full color display: 
a maximum of 4096 colors 
RGB color filter: 
512 colors, 8 gray scales 
RGBW color fllter: 4096 colors, 8 gray scales 


• 
High-speed operation 
Number of input data bits: 3 bits x 4 
Maximum operation clock frequency: 
- 
12 MHz (HD6631OTOO) 
- 
15 MHz (HD6631OTOOI5) 
Maximum pixels: 
480 x 640 dots 
160 internal driver circuits 
• 
Bidirectional 
shift 
Internal chip enable signal generator 
Stand-by function 
LCD driving voltage: 
15 V to 23 V 
• 
CMOS process 


Max.Operating 
PowerSupply 
Operating 
TypeNo. 
Clock Frequency 
for Logic Unit 
Temperature 


HD66310TOO 
12 MHz 
5 V ± 10% 
-20 to +75°C 


HD66310T0015 
15 MHz 
5 V ± 5% 
-20 to +65°C 


Note: The detailsof TCP patternare shown in "The Informationof TCP: 


Package 


203-pinTCP 


1 
VOl 
2 
V1l 
3 
V2l 
4 
V3l 
5 
V4l 
6 
VSl 
7 
V6l 
8 
V7l 
9 
Vce, 
10 V0C2 
11 EI01 
12 RVS 
13 [)()() 
14001 
15 D02 
16 D03 
17 DMYO 
18010 
19011 
20 012 
21013 


22 DMY1 
23 D20 
24 D21 
25 D22 
211 D23 
27 DMY2 
211 Cl1 
29 Cl2 
3085 
31 SHl 
32 EI02 
33 TEST 
34GND 
35 VEE 
36 V7R 
37 V6R 
38 V5R 
39 V4R 
40 V3R 
41 V2R 
42 V1R 
43 VOR 


Pin Description 


Pin List 


Pin Name 
Number of Pins 
Input/Output 
Functions (Refer to) 


VCC1.VCC2 
2 
Power supply 
1. 


GNO 
1 
Power supply 


VEE 
1 
Power supply 


VOL-V7L. 
16 
Power supply 
2. 
VOR-V7R 


CL1 
1 
Input 
3. 


Cl2 
1 
Input 
4. 


000, 010. 020, 
12 
Input 
5. 


to 
003,013,023 


RV$ 
1 
Input 
6. 


SHL 
1 
Input 
7. 


EI01, 
EI02 
2 
Input/output 
8. 


TEST, BS 
2 
Input 
9. 


Y1-Y160 
160 
Output 
10. 


OMYo-DMY2 
3 
11. 


I. Vccl, VCC2, GND, VEE: These pins are used 
for the power supply. 


Vcc-GND: Power supply of low voltage 
VCC-VEE: 
Power supply of high voltage 


2. VOL-V7L, VOR-V7R: 
8-level LCD driving 
voltage is applied to these pins. One of the eight 
levels is selected according to the value of the 3-bit 
input display data. The L and R pins of the same 


3. CLI: 
Inputs clock pulses, which determine the 
output timing of the LCD driving voltage. 
The 
output changes at the CLl rising edge. 


4. CL2: Inputs clock pulses, which detennine the 
input timing of display data. The driver samples 
data at the CL2 falling edge. 


Display 
Data 
Voltage 
Level 


D2J 
D1J 
DOJ 
RVS= 
1 
RVS= 
0 
a 
a 
a 
va 
V7 
a 
a 
1 
V1 
V6 
a 
1 
0 
V2 
V5 
a 
1 
1 
V3 
V4 


1 
0 
0 
V4 
V3 


1 
0 
1 
V5 
V2 


1 
0 
V6 
V1 


1 
V7 
va 


S. DOO-D03,Dlo-Dl3, 
D2o-D23: 
Input display 
data. See table 1 for the voltage level selection by 
the display data. 


6. R.VS": 
Detennines if logical I/O display data is 
reversed. 
Display data is reversed when RVS is 
low. 


7. SHL: Selects the shift direction of display data. 


8. EI01, 
EI02: 
Inputs/outputs chip enable sig- 
nals. The SHL signal selects which pin is for input 


or output 
When the chip enable input signal is 
low, data input starts. 
When display data corre· 
sponding to 160 outputs are input, the chip enable 
output signal changes from high to low. 


9. TEST, BS: 
Used for test purposes only. 
Connect to a low level for nonnal operation. 


10. YI-Y160: 
Output LCD driving signals. 


11. DMyo-DMY2: 
Reserved pins that should be 
left open. 


Table 2 Input/Output 
Selection for EIOI and 
EI02 


SHL 


GND 


Vcc 


EI01 


Input 


Output 


EI02 


Output 


Input 


SHL 
Output Direction 


d03,d13,d23 
Y1 
d02,d12,d22 
Y2 
i.0-2 
d01,d11,d21 
Y3 
DiO 
dOO,d10,d20 
Y4 
GND 
Di1 
5 
Di2 
Di3 
d03,d13,d23 
Y157 
(12bits) 
d02,d12,d22 
Y158 
d01, d11, d21 
Y159 
dOO,d10,d20 
Y160 


dOO,d10,d20 
Y1 
d01,d11,d21 
Y2 
i .0-2 
d02,d12,d22 
Y3 
DiO 
d03,d13,d23 
Y4 
Vcc 
Di1 
5 
Di2 
Di3 
dOO,d10,d20 
Y157 
(12bits) 
d01,d11,d21 
Y158 
d02,d12,d22 
Y159 
d03,d13,d23 
Y160 


Figure 2 Display Data and Output Direction 
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VOL,V1L 
V2L, V3L 
V4L, V5L 
V6L, V7L 


Vcc1, Vcc2 ---~. 
GNO 
---~- 
VEE 
---" 
•.••.Test circuit 
TEST---! r 
I 


lWS 


CL1 


BS 


Data reverse 
circuit 
000,010,020 
001,011,021 
002,012,022 
003,013,023 


SHL 
CL2 


EI01 
EI02 


Y156 
Y158 Y160 
Y157 Y159 


VOR,V1R 
V2R,V3R 
V4R,V5R 
V6R,V7R 


Latch Address Selector: 
Contains a 6-bit up/ 
down counter and a decoder, and sends the latch 
signals to latch circuit (1) at the CL2 falling edge. 


Data Reverse Circuit: 
Reverses the input display 
data when RVS = 0, and does not reverse data 
whenRVS= 
1. 


Latch Circuit (1): 
Consists of three planes of 
160-bit latch circuit. Each bit of 3-bit data is sepa- 
rately latched in its corresponding plane depending 
on its significance. 
Each plane is divided into 
fony 4-bit blocks, and all four bits are latched into 
the block at once, as specified by the latch signal 
from the address selector. In total, the 3-plane cir- 
cuit latches 12bits of data at one time. 


Latch Circuit (2): 
Consists of three planes of 
160-bit latch circuit, which latches the data from 
latch circuit (1) at the timing determined by CLI, 
and holds the data for one line scanning period. 


Level Shifter: 
Raises the driving voltage of 5 V 
to the appropriate LCD driving voltage. 


LCD Driving Circuit: 
Outputs an 8-level LCD 
driving voltage. This circuit receives 3-bit data for 
one dot from latch circuit (2) and selects one level 
from eight voltage levels. 


System Configuration 


A block configuration of the TFf-type color dis- 
play system using the HD66310 is shown in figure 
3. 


The HD66310 receives 3-bit data for one pixel and 
selects one of the eight LCD driving voltage levels 
to send to the LCD. 
The LCD driving output 


circuit, which is produced by the CMOS structure, 
can use any LCD driving voltage level from Vex: 
to VBE, When the LCD panel uses an RGB color 
fllter (the Triad arrangement), 512 (83) colors can 
be displayed. When using an RGBW color filter 
(the Quad arrangement), 4096 (84) colors can be 
displayed. 


Une synchronization 
signal, data sampling 
signal, 
3 
alternating 
signal 


12 
3 
2 
rame synchronization 
signal, 
line synchronization 
signal 


HD61105 
No.1 


TFT-type 
color LCD panel 
Triad arrangement 
512 colors 
640 x 480 pixels 


HD61105 
No.6 


The HD66310 internal circuit unit for one data out- 
put is shown in figure 4. The circuit receives 3-bit 
data (DOj,Dlj, D2j) and selects one of eight volt- 
age levels (Vo-V7) to output to the LCD. 


The transfer gates of the output circuit are pro- 
duced by the CMOS structure. 
Therefore, any 
voltage level between Vcc to VEE can be applied 
to lines VO to V7. 


The HD66310 operation timing is shown in figure 
5. 


When the SHL signal is at the GND level, data 
input is started by a low EIOI (data input enable) 


signal. At the CL2 falling edge, 12 bits of data, 
which are for four outputs (3 bits for gray scales x 
4 outputs), are input together. When the data input 
corresponding to 160 outputs are completed, the 
HD66310 automatically enters the stand-by mode, 
and the EI02 signal changes to low. 


The LCD driving output changes at the CLl rising 
edge. The voltage level selected by data dl is out- 
put from pin Yl, and the level selected by dl60 is 
output from Y16O. See table 1 for the voltage 
level selection by the input data. 


When the SHL signal is at the Vcc level, data 
input is started by a low EI02 signal. When the 
data input for 160 outputs are completed, the EIOI 
signal changes to low. The voltage level selected 
by data dl is output from pin Y16O,and the level 
selected by dl60 is output from Yl. 


Vl 
VO 
V2 
V4 
V3 
V6V 
V7 


Display 
data 
(DOj) 


P: P-MOS 
N: N-MOS 


Display 
data 
(Dlj) 
Display 
data 
(D2j) 


Cl1 
rL.- 


Cl2 
JL.fLflnIL 
JL.fLflnIL 
1 
2 
3 
4 
5 
,~6 
37 
38 
39 
40 


DOO 
~ 
to 


003 
~ 
(lowerbil) 
~ 


011 
~ 


to 


013 
~ 


020 
~ 
to 


023 
~ 


(Upperbil) 
~ 


SHl=GNO 


EI01 1.... 
_ 


----------------~ 
-----------------~ 


SHl=Vcc 


EI02 1 
_ 


-----------------~ 
----------------~ 


When the SHL signal is at the GND level, the 
HD66310 begins to input data when the EIOI sig- 
nal goes low. When the data input is completed, 
the El02 signal changes to low. By connecting the 
El02 pin of the first HD66310 to the EIOI pin of 
the next HD66310, 
the low EI02 signal activates 


the next HD66310. 
Figure 6 shows a connection 
example. 


When the SHL signal is at the Vcc level, the EI02 
pin of the rust HD66310 is connected to GND, and 
the ElOI pin is connected to the next HD66310 
EI02pin. 


DATA 


CL2 


Driver 2 
EI01 
EI02 


Multiple.Level Driving Voltage Method 


AC voltage must be applied to the LCD, since DC 
voltage deteriomtes the LCD. 
To display eight 
gmy scales, 16 voltage levels, shown in figure 7, 
must be applied. 


Although the HD66310 has eight LCD driving 
voltage input levels, it can output 16 driving volt- 
age levels using the level selector shown in figure 
8, since the transfer gates of the output circuit are 
produced by the CMOS structure. 


Figures 8 and 9 show the external power supply 
circuit when displaying 512 colors in the Triad 


armngement, and figure 10 show's the circuit for 
displaying 64 colors in the Triad armngemenL 
Table 3 shows the specifications of the LCD panel 
and the HD66310 pins for each power supply cir- 
cuit. 


The circuit shown in figure 8 is the basic one used 
when displaying 512 colors in the Triad armnge- 
menL However, the HD66310 can dispense with 
the level selector, as shown in figure 9, using the 
internal RVS (output reverse) pin. See table I for 
detailed RVS functions. 


When displaying 64 colors in the Triad armnge- 
ment, the RVS pin functions as the alternating sig- 
nal input pin, as shown in figure 10. 


Vcc 
V1 


V2 


V3 


V4 


V5 


V6 


V7 
va 


V9 


V10 


V11 


V12 


V13 


V14 


V15 


V16 
--------------------- 
VEE 


Table 3 
Color Display and Pin Spedfications 


Output 
Display 
Data 
Power Supply 


Level 
Panel Spec. 
DI2 
DI1 
DIO 
RVSpln 
(Refer to) 


8x2 
Quad: 4096 colors 
1/0 
1/0 
1/0 
1 
Fig. 8 


(AC) 
Triad: 512 colors 
(upper bit) 
(lower bit) 


8x2 
Quad: 4096 colors 
1/0 
1/0 
1/0 
Alternating 
Fig. 9 


(AC) 
Triad: 512 colors 
(upper oit) 
(lower bit) 
signal 


4x2 
Quad: 256 colors 
1 
1/0 
1/0 
Alternating 
Fig. 10 


(AC) 
Triad: 64 colors 
(upper bit) 
(lower bit) 
signal 


1: Vcc level voltage 
0: GND level voltage 


Alternating 
signal 
Vcc 
Vcc 
V1, V16 V7 
V2 V15 V6 
RVS 
V3 V14 V5 
V4 V13 
Di2 
I/O 
V4 
V5 V12 
Di1 
I/O 
V3 
V6 V11 
DiO 
I/O 
V2 
V7 V10 V1 
Level 
selector 
va, V9 
VO 


Alternating 
signal 


V7 


V6 
RVS 


V5 
Di2 
I/O 
V4 
Dil 
va 
V3 
DiO 
va 
V2 


Vl 


VO 


Alternating 
Vex; 
signal 


Vex; 
Vl 
V7 
V2 
V6 
RVS 
V3 
V5 
V4 
Di2 
V4 
V5 
Dil 
110 
V3 
V6 
DiO 
110 
V2 
V7 
Vl 
va 
VO 


HD66310T 


When using the RVS"pins to simplify the power 
source, as shown in figures 9 and 10, it is recom- 
mended to add a vertical retrace period, (a scan- 
ning period in which no scan electrode is selected) 
at the end of a frame scanning period, as shown in 
figure 12, for the following two reasons. 


11. However, the power supply lines immedi- 
ately reverses polarity after a transition of the 
RVS signal, as shown in figures 9 and 10. 
Therefore, the HD66310 outputs invalid data 
during the last CLl of a frame period. 


As shown in figure 4, the data reverse circuit is 
before the latch circuit (1). The LCD driving 
output is reversed one CLl 
period after a 
transition of the RVS signal, as shown in figure 


In the power supply circuits shown in figures 9 
and 10, voltage temporarily becomes unstable 
just after the RVS transition, causing the LCD 
display to become jumbled. 
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Frame synchronization 
signal 


Line synchronization 
signa! 


Data fetch sigMI 


Display dala (even nUII't"., 


Display data (odd nurrr- 


Alternating 
~;L 


Number of oolors: 
512 
Color arrangement: 
Triad typo 
Display capacity: 
480 x 640 dots 
ICforscanning: 
HD61105 


Not.: 
1. 
All' -..ionaJ 
&/T1>Iifiorshould be instaled 
on oach Iovet of the _r 
supply line (YO-V7) 
to _ 
the il\'1lOdanoo. 
2. 
Cond •••••• 
should be instaHod noor tho JCs to stabilize the _ 
supply voltage. 


T••• O.lilF 
_ 
are rooommondod 
to be instaDod on one 10: one _ 
Vcc and GND, and one _ 
Vcc and Vf£. 


3. 
This system ua. 
12 HD66310T 
ohipo and 12 HD61105 
ohipo. 


F.rameSynchronizationJl" 
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Line synchronization 
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Absolute Maximum 
Ratings 


Symbol 


Vcc 


Ratings 


-<1.3 to +7.0 


Unit 


V 


Notes 


2 


Item 


Power supply for 
logic unit 


Power supply for 
LCD driving 
unit 


Input voltage 
(1) 


Input voltage 
(2) 


Operating 
temperature 


-<1.3 to Vcc + 0.3 


Vee - 0.3 to Vcc + 0.3 


-20 to +75 (HD66310TOO) 
-20 to +65 (HD66310T0015) 


Storage temperature 
Tatg 
-40 to + 125 
·C 


Notes: 
1. 
Exceeding 
the absolute 
maximum 
ratings could result in permanent 
damage 
to the LSI. 
The 
recommended 
operating 
conditions 
are within the electrical 
characteristic 
limits listed on the 
following 
pages. 
Exceeding 
these limits may cause malfunctions 
and affect reliability. 


2. 
Values are in reference 
to GND - 0 V. 


3. 
Applies 
to input pins SHL, CL 1, CL2, as, RVS, TEST, and DO~23. 
Also applies to input! 
output pins EI01 
and EI02 
when these pins function 
as input pins. 


DC Characteristics 
(Vcc = +5 V ±10%, GND = 0 V, Vcc - VEE = 15 to 23 V, T. = -20 to +75°C in 12 MHz version) 
(Vcc = +5 V ±5%, GND = 0 V, Vcc - VEE = 15 to 23 V, T. = -20 to +65°C in 15 MHz version) 


Item 
Symbol 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 
Notes 


LCD driving power 
VCC-VEE 
15 
23 
V 


supply voltage 


Input high-level 
V1H1 
0.8x Vcc 
Vcc 
V 
2 


voltage 
(1) 


Input low-level 
V1L1 
0 
0.2 x VCC V 
2 


voltage 
(1) 


Input high-level 
V1H2 
0.75 x 
Vcc 
V 
3 


voltage 
(2) 
Vcc 


Input low-level 
V1L2 
0 
0.25 x 
V 
3 


voltage 
(2) 
Vcc 


Output 
high-level 
VOH 
Vcc-0.4 
V 
'OH =-o.4mA 
4 
voltage 


Output 
low-level 
VOL 
0.4 
V 
IOL =0.4 
mA 
4 
voltage 


Input leakage 
lu 
-5.0 
+5.0 
I1A 
V1N= Vcc to GND 
5 


current 
(1) 


Input leakage 
IL2 
-10 
+10 
I1A 
V1N= Vcc to GND 
6 


current 
(2) 


Input leakage 
IL3 
-100 
+100 
I1A 
V1N= Vcc to VEE 
7 


current 
(3) 


LCD driver on 
RON 
2.5 
kn 
Vcc - VEE = 20 V 
8 


resistance 


Current 
-lp1 
25 
mA 
Data fetch 12 MHz 
9,11 


consumption 
(1) 
30 
mA 
Data fetch 15 MHz 


Current 
-lp2 
2 
mA 
Stand-by 
12 MHz 
9,11 


consumption 
(2) 
2.5 
mA 
Stand-by 
15 MHz 


Current 
-lp3 
3 
mA 
12 MHz 
10, 11 


consumption 
(3) 
3.7 
mA 
15 MHz 


Notes: 
1. 
Voltage between 
Vcc and VEE. 


2. 
Applies 
to CL 1, CL2, SHL, Dij, RVS, TEST, and BS. 


3. 
Applies 
to EI01 
(input) and EI02 
(input). 
4. 
Applies 
to EI01 
(output) 
and EI02 
(output). 
5. 
Applies 
to CL 1, Cl2, 
SHL, RVS, Dij, TEST, and BS. 
6. 
Applies to EI01 
(input) and EI02 
(input). 
7. 
Applies 
to VOL to V7L and VOR to V7R. 
• 


8. 
Applies 
to Y1 to Y160. 


9. 
Current 
between 
Vcc and GND under the conditions 
of V1H•• Vcc, V1L= 0 V, and no load on the 
output pins. 


10. Current 
between 
Vcc and VEE under the conditions 
of V1H•• Vcc, V1L= 0 V, and no load on the 
output pins. 
11. fCL2 and fcu 
are 15 MHz, 37.5 kHz respectively 
in 15 MHz version. 


HITACHI 
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AC Characteristics 
(Vcc = +5 V ±10%, GND = 0 V,T. = -20 to +75°C in 12 MHz version) 
(Vcc = +5 V ±5%, GND = 0 V,T. = -20 to +65°C in 15MHz version) 


Item 
Symbol 
Min. 
lYP· 
Max. 
Unit 
Test Conditions 
Notes 


Clock period 
tevc 
83 (66) 
ns 


Clock high-level 
teWH 
30 (23) 
ns 
pulse width 


Clock low-level 
tewL 
30 (23) 
ns 
pulse width 


Clock rise time 
tR 
10 (10) 
ns 
2 


Clock fall time 
tF 
10 (10) 
ns 
2 


Clock setup time 
tsu 
100 (100) 
ns 
2 


Clock hold time 
tH 
100 (100) 
ns 
2 


Data setup time 
tosu 
20 (10) 
ns 
3 


Data hold time 
tOH 
30 (25) 
ns 
3 


Enable input 
tESU 
20 (10) 
ns 
4 
setup time 


Enable output 
tED 
53 (46) 
ns 
See figure 16 
4 
delay time 
for test load 


CL 1 high-level 
tWH 
100(100) 
ns 
5 
pulse width 


RVS setup time 
tRSU 
50 (50) 
ns 
6 


RVS hold time 
tRH 
50 (50) 
ns 
6 


Data in ( ) is the characteristics 
in 15 MHz version. 


Notes: 
1. Applies 
to CL2. 
2. 
Applies to CL 1 and CL2. 


3. 
Applies 
to Dij and CL2. 


4. 
Applies 
to EI01, 
EI02, 
and CL2. 


5. 
Applies 
to CL 1. 


6. 
Applies to RVS and CL2. 


Chip enable 
output 
~ 
30 PF;;;:: 


HD66330T (TFT Driver) 
(64-Level Gray Scale Driver 
for TFT Liquid Crystal Display) 
- 
Preliminary - 


Description 


The 
HD66330T, 
a signal 
driver 
LSI, 
drives 
an 
active matrix LCD panel having 1Ffs 
(thin fIlm 
transistor) 
in the picture element (pixel) area. The 
LSI receives 
6-bit digital display data per dot and 
outputs corresponding 
gray scale voltage. This LSI 
easily achieves multicoloring 
of a VGA-sized color 
1Ff 
LCD and is suitable for applications 
such as 
multimedia. 


• 
Multicolor display 
The HD66330T 
receives 
6-bit 
digital 
display 
data per dot, and selects 
and outputs 
an LCD 
drive voltage 
among 
64-level 
gray scale volt- 
ages. When R, G. and B color fIlters are added 
to the LCD panel, a maximum of 260,000 colors 
can be displayed. 
• 
High-speed 
operation 
Operating clock: 28 MHz maximum 
Amount of input data: 3 dots x 6 bits (gray scale 
data) 
• 
Applicable systems 
PC (640 x 480/400 dots) systems 
• 
Internal I92-bit drive function 
• 
Internal standby function 
• 
Internal chip-enable 
signal generation circuit 
• 
Supply voltage: 4.5 V to 5.5 V 
• 
Bidirectional 
shift 


'lYpeNo. 
Outer leadpitch (J1I11) 
Package 


HD66330TAO 
160 
236-pin TCP 


Note: The details of TCP pattern are shown in "The Information of TCP." 


~~~tomm8g;1ll 
>~~~~~~~~ 
»»»»> 


~~~~~~~~~~~~~~~~~~ 
~ 
~~~~~~~~~~~~~~~~~~ 


~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-N~~~~~~Q~~~~~~~~~~~N~~~~~~re~~M~~~~~~~~~.~~: 


Note: 
This figure does not specify the tape carrier package 
dimensions. 


1 
V8L 
11 
001 
21 
SHL 
31 
021 
41 
V5R 
2 
V7L 
12 
002 
22 
GNO 
32 
022 
42 
V6R 
3 
V6L 
13 
003 
23 
EI02 
33 
023 
43 
V7R 
4 
V5L 
14 
004 
24 
010 
34 
024 
44 
V8R 
5 
V4L 
15 
005 
25 
011 
35 
025 
6 
V3L 
16 
EIOl 
26 
012 
36 
VOR 
7 
V2L 
17 
CL4 
27 
013 
37 
V1R 
8 
V1L 
18 
CL2 
28 
014 
38 
V2R 
9 
VOL 
19 
CLl 
29 
015 
39 
V3R 
10 
000 
20 
VCC 
30 
020 
40 
V4R 


• 


025-020 
015-010 
005-000 


Vr:x; 
r-.... 
GNO----V- 


CL4 


vaL, V7L, 
V6L, V5L, 
V4L, V3L, 
V2L, V1L, 
VOL 


~s 


V8R, 
V7R, 
V6R. 
V5R. 
V4R. 
V3R, 
V2R, 
V1R, 
VOR 


Clock Controller: 
Generates chip enable signals 
(EID2 and mot) and controls the internal timing 
signals. 


Latch Address Selector: Generates latch signals. 
which sequentially trigger latch operation of input 
display data. 


Latch Circuit 1: Latches 3-pixel x 6-bit sequen- 
tially input display data; composed of 192x 6 bits. 


Latch Circuit 2: Latches 192 x 6-bit data latched 
in latch circuit 1 synchronously with the CLl 
signal. 


Decoder: Generates a decode signal pel' pixel for 
the LCD drive voltage generation circuit using an 
upper 3-bit decoder and a lower 3-bit decoder. 


LCD Drive Voltage Generation Circuit: Generates 
LCD drive voltages from LCD drive power supply 
voltages according to the decode signals genezated 
by the decoder. 


HD66330T 


Pin Functions 


SIgnal 
Name 
Numbers 
110 


Vcc 
Power 
supply 


GNo 
Power 
supply 


V8l-VOl, 
18 
Power 
V8A-VOR 
supply 


CL1 
Input 


025-020, 
015-010, 
005-000 


SHl 


Supplies 
power to the LCD drive voltage 
generation 
circuit. 


The same voltage 
must be applied to corresponding 
l- and 
R-power 
pins within a range of Vcc to GNo. 


Inputs display data latch pulses for latch circuit 2. At the 
rising edge of each Cl1 
pulse, latch circuit 2 latches display 
data input from latch circuit 1 and outputs 
lCo 
drive 
voltages 
corresponding 
to the latched data. 


Inputs display data latch pulses for latch circuit 
1. At the 
falling edge of each Cl2 
pulse, latch circuit 1 latches display 
data input via 025-000 
and outputs the latched data to latch 
circuit 2. 


Inputs 6-bit (gray scale data) x 3-pixel display data. 


025-020 
GNO 
015-010 
005-DOO 


025-020 
Y1 
015-010 
Y2 
005-000 
Y3 


S 
025-020 
Y190 
015-010 
Y191 
005-000 
Y192 


025-020 
Y192 
015-010 
Y191 
005-000 
Y190 
is 
025-020 
Y3 
015-010 
Y2 
005-000 
Y1 


025-020 
Vcc 
015-010 
005-DOO 


Controls 
the 2-phase 
function. 
A high level period of this 
signal specifies 
the first phase period that performs 
high 
output current operation, 
and a low level specifies 
the 
second phase period that outputs the voltage corresponding 
to the display data. 


Pin Functions 
(cont) 


Signal 
Name 
Numbers 
110 
Functions 


EiOf, EI02 
2 
Input/output 
Provides 
chip-enable 
signals. 
Input or output depends 
on 
the SHL signal, as shown below. At anyone 
time, the signal 


being used for input must go low to enable the LSI to latch 
display data, and the signal being used for output will be 
driven low after 192 pixels of display data have been read. 


SHL Level 
EI01 
EI02 


GND 
Input 
Output 


Vcc 
Output 
Input 


Y1-Y192 
192 
Output 
Outputs 
LCD drive voltages. 


The following shows a block diagram of a TFf 
color 
LCD 
system 
configured 
with 
multiple 
HD66330Ts. The HD66330Ts latch 6-bit data per 
dot, and selects and outputs one level among 


64 internally generated LCD drive voltage levels. 
When the pixels are structured using R, G, and B 
color mters, a maximum of 260,000 colors can be 
displayed. 


Timing 
chert 
(e •• mple 
of the common·vonege 
AC·drlve 
method) 
~ 
~n~_ 


: 
~~ 


025-020 


015-010 


OO5-DOO 


FLM 


Cl1 


vo-va 
VO 


Common 
electrode 


(0 VI5 VI 


Y1-Y192 


,, 
,, 
, 
,, 
l-freme 
period 
, 
,.. 
,, 
n 


VO 
va 
VO 


va 
~ 
VO 
va 


-n 
n 


VO 
va 


va 
va 


The following figures show the display data timing 
and hardware configuration 
for the TFf color LCD 
system 
configured 
with HD66330Ts. 
Since color 
panels usually have a narrow connection pitch with 
driver 
LSIs, 
the HD66330Ts 
should 
be located 
above 
(upper 
drivers) 
and below 
(lower 
drivers) 


the panel 
and alternately 
connected 
to the panel 
pins. In such a configuration, 
the RGB data and the 
system 
dot 
clock 
(DCLK) 
should 
be 
divided 
between the upper and lower drivers. Here, DCLK 
should be divided into two by the controller. 


R5-fl0. 
G~O, 
B5-BO 


DeLI< 


VSYNC 


HSYNC 


OTMG 


Upperdriverdisplaydata 18 (6 bilSx 3 pixels) 


CL2U 
Cll 


~ 
CL3 
g 


<3 


TFT color panel 
260,000coiOlS. 
640 x 480 daIS 


Cl1 


Cl2L 
Lowerdriverdisplaydata 18 (6 bilSx 3 pixels) 


R5-RO 
G5-<30 
85-80 


R5-RO(odd pixel) - 
02!H)20 
8~0(oddpixel) 
- 
015-010 
G5-80 (evenpixel)_ 
D05-OOO 


Lowerdriverdisplaydata 
Cl2L 


G~O 
(odd pixel) - 
02!H)20 
R5-RO(&Venpixel)_ 
01!H)10 
85-80 (evenpixel)_ 
D05-DOO 


The figures below show an example of a circuit 
used to generate LCD drive power supply voltages 
VOto V8. In this example, 18 levels of voltage are 
generated by divided resistance to alternate the cur- 
rent for the LCD panel, and either positive or nega- 


tive voltages are selected and supplied to the 
HD66330T. To stabilize voltage, an operational 
amplifier should be connected to each selector 
output. 


Maximum 
±10 mA direct current 
(maximum 
±5 mA for each of the L- and 
R-pins) flows in the LCD drive power 
supply voltage 
pins va to va of one 
HD66330T. 
When 
1a ICs are used, the 
current amounts 
to ±100 mA maximum. 
The direct current changes 
within 0 to 
±100 mA depending 
on the display data. 


The LCD drive power supply circuit must 
be able to provide stable voltage 
despite 
the change 
in the current input to the IC. 
The following 
shows a circuit example: 


LCD drive power supply circuit example 
(per one voltage 
level) 


Voltage levels to be input to LCD drive power sup- 
ply pins VO to V8 should be determined 
according 
to panel 
specifications 
such 
as voltage 
intensity 


characteristics. 
The table below lists voltage level 
examples for reference: 


VO 
V1 
V2 
V3 
V4 


o 
1.0 
1.5 
2.0 
2.5 


5.0 
4.0 
3.5 
3.0 
2.5 


V5 
V6 


3.0 
3.5 


2.0 
1.5 


V7 
va 


4.0 
5.0 
1.0 
0 


Counter Electrode 


o 


5.0 


The HD66330T outputs 64-level gray scale voltage 
shows the relationship among the input voltages 
generated by 9 levels of LCD drive power supply 
from the LCD drive power supply circuit, digital 
voltage and 6-bit digital data. The figure below 
codes, and output voltages. 


Display Data 
Output Voltags 
Display Oats 
Output Volta!!! 


015 014 013 012 011 010 
1st Phase 
2nd Phase 
015 014 013 012 011 010 
1st Pha•• 
2nd Pha•• 


0 
0 
0 
0 
0 
0 
V1 
VO + 1/8 x (V1-VO) 
1 
0 
0 
0 
0 
0 
V5 
V4 + 118x (VS-V4) 


0 
0 
0 
0 
0 
1 
V1 
VO + 218x (V1-VO) 
1 
0 
0 
0 
0 
1 
V5 
V4 + 218 x (VS-V4) 
0 
0 
0 
0 
1 
0 
V1 
VO + 318x (V1-VO) 
1 
0 
0 
0 
1 
0 
V5 
V4 + 318x (VS-V4) 


0 
0 
0 
0 
1 
1 
V1 
VO + 4/8 x (V1-VO) 
1 
0 
0 
0 
1 
1 
V5 
V4 + 418x (VS-V4) 


0 
0 
0 
1 
0 
0 
V1 
VO + 518x (V1-VO) 
1 
0 
0 
1 
0 
0 
V5 
V4 + 518x (VS-V4) 


0 
0 
0 
1 
0 
1 
V1 
VO + 6/8 x (V1-VO) 
1 
0 
0 
1 
0 
1 
V5 
V4 + 818x (VS-V4) 
0 
0 
0 
1 
1 
0 
V1 
VO + 7/8 x (Vl-VO) 
1 
0 
0 
1 
1 
0 
V5 
V4 + 718x (VS-V4) 


0 
0 
0 
1 
1 
1 
V1 
VI 
1 
0 
0 
1 
1 
1 
V5 
V5 
0 
0 
1 
0 
0 
0 
V2 
VI + 1/8 x (V2-V1) 
1 
0 
1 
0 
0 
0 
V6 
V5 + 118x (V6-V5) 
0 
0 
1 
0 
0 
1 
V2 
VI + 218x (V2-Vl) 
1 
0 
1 
0 
0 
1 
V6 
V5 + 218 x (V6-V5) 
0 
0 
1 
0 
1 
0 
V2 
VI + 318x (V2-Vl) 
1 
0 
1 
0 
1 
0 
V6 
V5 + 318x (V6-V5) 
0 
0 
1 
0 
1 
1 
V2 
VI + 4/8 x (V2-V1) 
1 
0 
1 
0 
1 
1 
V6 
V5 + 418x (V6-V5) 
0 
0 
1 
1 
0 
0 
V2 
VI + 518x (V2-Vl) 
1 
0 
1 
1 
0 
0 
V6 
V5 + 518x (V6-V5) 
0 
0 
1 
1 
0 
1 
V2 
VI + 6/8 x (V2-Vl) 
1 
0 
1 
1 
0 
1 
V6 
V5 + 618x (V6-V5) 
0 
0 
1 
1 
1 
0 
V2 
VI + 7/8 x (V2-Vl) 
1 
0 
1 
1 
1 
0 
V6 
V5 + 7/8 x (V6-V5) 
0 
0 
1 
1 
1 
1 
V2 
V2 
1 
0 
1 
1 
1 
1 
V6 
VB 
0 
1 
0 
0 
0 
0 
V3 
V2 + 1/8 x (V3-V2) 
1 
1 
0 
0 
0 
0 
V7 
VB + 118x (V?-VB) 
0 
1 
0 
0 
0 
1 
V3 
V2 + 218x (V3-V2) 
1 
1 
0 
0 
0 
1 
V7 
VB + 218x (V7-VB) 
0 
1 
0 
0 
1 
0 
V3 
V2 + 318x (V3-V2) 
1 
1 
0 
0 
1 
0 
V7 
VB + 318x (V7-VB) 
0 
1 
0 
0 
1 
1 
V3 
V2 + 4/8 x (V3-V2) 
1 
1 
0 
0 
1 
1 
V7 
VB + 418x (V7-VB) 
0 
1 
0 
1 
0 
0 
V3 
V2 + 518x (V3-V2) 
1 
1 
0 
1 
0 
0 
V7 
VB + 518x (V7-V6) 
0 
1 
0 
1 
0 
1 
V3 
V2 + 6/8 x (V3-V2) 
1 
1 
0 
1 
0 
1 
V7 
VB + 818x (V7-VB) 
0 
1 
0 
1 
1 
0 
V3 
V2 + 7/8 x (V3-V2) 
1 
1 
0 
1 
1 
0 
V7 
VB + 718x (V7-VB) 
0 
1 
0 
1 
1 
1 
V3 
V3 
1 
1 
0 
1 
1 
1 
V7 
V7 
0 
1 
1 
0 
0 
0 
V4 
V3 + 1/8 x (V4-V3) 
1 
1 
1 
0 
0 
0 
V8 
V7 + 118x (V6-V?) 
0 
1 
1 
0 
0 
1 
V4 
V3 + 218x (V4-V3) 
1 
1 
1 
0 
0 
1 
V8 
V7 + 218x (V6-V?) 
0 
1 
1 
0 
1 
0 
V4 
V3 + 318x (V4-V3) 
1 
1 
1 
0 
1 
0 
V8 
V7 + 318x (V6-V?) 
0 
1 
1 
0 
1 
1 
V4 
V3 + 4/8 x (V4-V3) 
1 
1 
1 
0 
1 
1 
V8 
V7 + 418x (V6-V?) 
0 
1 
1 
1 
0 
0 
V4 
V3 + 518x (V4-V3) 
1 
1 
1 
1 
0 
0 
V8 
V7 + 518x (V6-V?) 
0 
1 
1 
1 
0 
1 
V4 
V3 + 6/8 x (V4-V3) 
1 
1 
1 
1 
0 
1 
V8 
V7 + 6/8 x (V6-V?) 
0 
1 
1 
1 
1 
0 
V4 
V3 + 7/8 x (V4-V3) 
1 
1 
1 
1 
1 
0 
V8 
V7 + 718x (V6-V?) 
0 
1 
1 
1 
1 
1 
V4 
V4 
1 
1 
1 
1 
1 
1 
va 
V8 


Note: 1st phase: The period in which 2·phase control signal Cl4 is high and high output current operation is performed. 
2nd phase: The period in which 2·phase control signal Cl4 is low and low output current operation is performed (see p. 1199 lor 
details). 


Power 
supply 
circuit 


VB 
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Display data 
(S-bit digital data) 


The HD66330T 
has an internal DA converter 
per 
output 
The upper three bits of 6-bit display data 
select and apply the LCD drive power supply volt- 
age level to the DA converter, 
and the lower three 
bits select and output one analog voltage level. 


Output offset voltage Yoff is defined as the differ- 
ence 
between 
the actual 
output 
voltage 
and the 
ideal output voltage expected 
from the LCD drive 
power supply voltage and digital display data. The 
Yoff can be considered 
as the total output voltage 
differences 
including the differences between LSIs, 
between different output pins of the same LSI, and 


that caused by concentrated 
current in a LSI due to 
a particular display pattern. 


The figure below shows the characteristics 
of out- 
put voltage with respect to LCD drive power sup- 
ply 
voltages. 
Since 
output 
offset 
voltage 
Voff 
depends on the difference 
between adjoining 
LCD 
drive power supply voltages IYn - Yn + 11(n = 0 to 
7) output offset voltage will also decrease when the 
power supply voltage difference 
IYn - Yn + 11 is 
decreased. 
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A high-speed low-power output switching function 
is provided by dividing the horizontal period into 
1st-and 2nd-phase periods, where high output cur- 
rent operation and low output current operation are 
alternately performed. 


During the 1st-phase period. the specified voltage 
is applied to the LCD panel quickly with a low out- 
put impedance of about 215 ill (high output 
current operation). Here, the applied voltage is 
selected by the upper three bits of display data 
(see p. 1196). 


corresponding to the display data with an output 
impedance of about 17 ill (low output current 
operation). 


In general. since it is not required to secure the 1st 
phase in a 640 x 480-dot color panel (see the figure 
below for assumed load condition), CIA can be 
fixed low. 


This function is effective when the panel load is 
large or when a horizontal period is short and gray 
scale voltage must be applied quickly. For settings 
in the 1st-phase period, see note 4 in Electrical 
Characteristics. 


.i.. 
Horizontal 
period 


:.. 
1st phase 
_I.. 
2nd phase 
'i-------- 
CL4 
~ 
I------------~ 
Output 
resistance 
2.5kn 


,, 
--::,•.:'i-------- L 
Output 
resistance 
17 kQ 


Absolute Maximum 
Ratings 


Item 
Symbol 
Rating 
Unit 
Note. 


Power supply voltage 
Vcc 
-0.3 to +7.0 
V 
1 


Input voltage (1) 
VI1 
-o.3to+Vcc+0.3 
V 
1,2 


Input voltage (2) 
Vt2 
-0.3 to +Vcc + 0.3 
V 
1,3,4 


LCD power supply input current 
II 
±20 
mA 
5 


Operating temperature 
Topr 
-20 to +75 
·C 


Storage temperature 
Tsig 
-40 to +125 
·C 


If the LSI is used beyond the above maximum ratings, it may be permanently damaged. It should always be 
used within its specified operating range for normal operation to prevent malfunction or degraded reliability. 


Notes: 1. Assuming GND = 0 V. 


2. 
Applies to input pins CL1, CL2, CL4, SHL, and Dij, and 110pins EI01 and EI02 when used as 
input. 


3. 
Specifies voltage to be input to the LCD drive power supply pins. 
Either of the following relationships must hold: 


VlCD ~ va ~ V7 ~ V6 ~ V5 ~ V4 ~ V3 ~ V2 ~ V1 ~ VO~ GND or 
VlCD ~ VO~ V1 ~ V2 ~ V3 ~ V4 ~ V5 ~ V6 ~ V7 ~ va ~ GND 


4. 
The following relationship must hold for VOto va potentials: 


IVn - Vn + 11S2 V (n •• 0 to 7) 


5. 
Specifies the maximum ratings for current in the LCD drive power supply input pins VOto va 
(total current for both Land R pins). 


HD66330T 


Electrical Characteristics 


DC Characteristics 
(Vcc- GND = 4.5 to 5.5 V, and T. = 20 to 75°C, unless otherwise 
noted) 


Applicable 
Item 
Symbol 
Pins 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Notes 


Input high-level 
V1H 
Cl1, CI2, 
0.8 x Vcc 
Vcc 
V 


voltage 
SHl, Dij, Cl4, 


Input low-level 
V1L 
EI01(1), 
0 
0.2x Vcc 
V 
voltage 
EI02(1) 


Output high-level 
Voo 
EI01(O), 
Vcc -0.4 
V 
100--0.4 
mA 
voltage 
EI02(O) 


Output low-level 
Va. 
0.4 
V 
Ia. - 0.4 mA 
voltage 


Input leakage 
III 
Cl1, CI2, 
-5 
+5 
~A 
current (1) 
SHl, Dij, CL4 


Input leakage 
IL2 
EI01(1), 
-10 
+10 
~A 
current (2) 
EI02(1) 


LCD drive power 
It 
VOl-V8l, 
-10 
+10 
mA 
Total of land 
supply input 
VOR-V8R 
R pins 
current 
IVn - Vn + 11- 1 V 
(n - 0 to 7) 


Output offset 
Vol! 
Y1-Y192 
60 
mV 
Vcc-GND 
- 5 V 
voltage 
IVn - Vn + 11- 1 V 
(n - 0 to 7) 


30 
mV 
Vcc-GND 
-5 
V 
IVn - Vn + 11- 0.5 V 
(n - 0 to 7) 


Difference 
Vrel 
Y1-Y192 
±30 
mV 
Vcc-GND 
- 5 V 
2 
between 
IVn - Vn + 11- 1 V 
output pins 
(n - 0 to 7) 


±15 
mV 
Vcc-GND 
-5 
V 
IVn - Vn + 11- 0.5 V 
(n = 0 to 7) 


Driver output 
ROn1 
Y1-Y192 
2.5 
kn 
1st phase 
ON resistance 
Vcc-GND 
-5 
V 


ROn2 
Y1-Y192 
17 
kn 
2nd phase 
Vcc-GND 
-5 V 


Current 
Ip1 
Between 
20 
mA 
Data latch 
3 
consumption (1) 
Vcc and 
fCL2 
- 15 MHz, 
GND 
fCll 
- 33 kHz 


Current 
Ip2 
Between 
4 
mA 
Standby 
consumption (2) 
Vcc and 
fCL2 = 15 MHz, 
GND 
fCll 
•• 33 kHz 


Notes: 
1. Output offset voltage 
Volt is defined 
as difference 
between 
the actual output voltage 
and output 
voltage 
expected 
from the LCD drive power supply voltage 
and digital display data. 
Volt shows the following 
characteristics 
with respect to voltage difference 
between 
adjoining 
LCD 
drive power supply pins IVn - Vn + 11. 


~ 
(mV) 


"""~ 
Qj 
'":a 
'50-So 


2. 
Vrel can be considered 
as the maximum 
total output voltage differences 
including 
the differences 
between 
LSls, between 
output pins of the same LSI, and that caused by concentrated 
current 
in 
an LSI due to a particular 
display pattern. 


3. 
Except for the current flowing 
in va to V8; outputs 
are unloaded. 


HD66330T 


AC Characteristics (Vcc - GND = 4.5 to S.s V,and T. = -20 to +75°C, unless otherwise noted) 


Item 
Symbol 
Applicable Pin 
Mln 
1YP 
Max 
Unit 
Test Condition 
Note. 


Clock cycle time 
fmax 
CL2 
28 
MHz 


Clock high-level 
Tc:wh 
CL2 
10 
ns 
width 


Clock high-level 
Tcwt 
CL2 
10 
ns 
width 


Clock rise time 
Tr 
CL1, CL2 
6 
ns 


Clock fall time 
T, 
CL1, CL2 
6 
ns 


Clock setup time 
Tau 
CL1, CL2 
50 
ns 


Clock hold time 
Th 
CL1, CL2 
70 
ns 


Data setup time 
Tdsu 
Dij,CL2 
10 
ns 


Data hold time 
Tdh 
Dij,CL2 
10 
ns 


Enable setup time 
Tesu 
EI01, 
EI02, 
CL2 
7 
ns 


Enable output 
Ted 
EI01, 
EI02, 
CL2 
20 
ns 
delay time 


CL 1 high-level 
Td1wh 
CL1 
56 
ns 
width 


Driver output 
Tdd 
CL1, Y1-Y192 
22 
lIS 
2,3,4 
delay time 


0.8 Vec 


0.2 Vec 


0.8Vec 


0.2Vec 


Notes: 
1. The figure below shows the load condition 
for the enable output pins. 
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Load resistance 
5kn 
~ 
Load capacitance 


~ 
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2: 


~ 
20 


4. 
Driver output delay time Tdd has the following 
characteristics 
with respect to the CL4 high-level 
width. 


Cil 
2: 


~ 
10 


Load resistance 
5 kn 
Load capacitance 
200 pF 
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CL4 high-level 
width (I/s) 


LCD Module Line Up 


.' 
••........"'-. 


eLM054 
eH2570 
eLM020L 
eLM015 


i~ 
-n 
••• 
U1S68F 


eLM070L 
eLM588F 
eLM027 


-..--.=---- 
I*H ITAr..:H 1 LC(~ t·1OD.1JLE*! 


eLM038 
eH2571 


l( 1 LII£ 


eH2572 


(i 


Type 
- 
-- 
-- 
-- 
Dot_ 
Duty 
-type 
On·th/p 
type 
wxh(_1 
Color 
wxhxt(mml 
wXh(mml 
wxh(mml 
Cycle 


LM258X8 
- 
01 
240x64 
Yellow-green 
149 x 57 x 13max. 
117x41 
0.47xO.47 
1/64 


LM300XM 
- 
01 
240x64 
New grey 
180x75Xl1max. 
132x39 
0.53xO.53 
1/32 


- 
LM213X8 
01 
256x64 
Yellow-green 
164x75x10max. 
149.6x43 
0.56XO.56 
1/64 


LMG6390QHGR 
LMG6380QHGR 
01 
256x64 
New grey 
160xaax9.5max.04 
126.3x37 
0.47xO.47 
1/64 


LMG6392QHFR 
LMG6382QHFR 
01 
256x64 
Black & White 
160x66x9.5max.04 
126.3x37 
0.47XO.47 
1/64 


LM221X8 
LM238X8 
01 
240x128 
Yellow-green 
180x120x 
13.8max. 
148x75 
0.55xO.55 
1/64 


LMG6410PLGR 
LMG6400PLGR 
01 
24Ox128 
New gray 
159.4x101 
X9.5max.04 
126x71 
0.50xO.50 
1/128 


LMG6412PLFR 
LMG6402PLFR 
01 
24Ox128 
81ael<8<Whita 
159.4x 
101 x9.5max. 04 
126x71 
0.50xO.50 
1/128 


LM246X 
- 
02 
320x256 
Yellow-green 
168x 150x 13.5max. 
142x115 
0.43xO.43 
1/128 


LM211X8 
- 
01 
480x64 
New gray 
270x82x13max. 
240x38 
0.49xO.49 
1/64 


LM211XMC 
- 
01 
480x64 
New 
gray 
270x82x13max. 
240x38 
0.49xO.49 
1/64 


LM215X8 
- 
01 
480 x 128 
YeUow-green 
270X 110x 11.5max. 
242x69 
0.48xO.48 
1/64 


LMG6250ULGR 
- 
03 
480x128 
New 
gray 
270x 110X 11.5max. 
242x69 
0.48xO.48 
1/128 


LMG6252ULFR 
- 
03 
480x128 
81ack8<White 
270x 110x 11.5max. 
242x69 
0.48xO.48 
1/128 


LM266XW 
- 
02 
640 x 100 
New grey 
287.5x71.5x 
11.5max. 
243x42 
0.36xO.36 
1/100 


LM280X 
- 
03 
640 x 200 
y8tk>w-green 
270x 104x 11max. 
236.4x78 
0.36xO.36 
1/200 


LMG6270XNGR 
- 
03 
640 x 200 
New gray 
265 x 90 x 8max. 
221.2x73 
0.33xO.33 
1/200 


LMG6272XNFR 
- 
03 
640 x 200 
Black &. White 
265 x 9Ox8max. 
221.2x73 
0.33XO.33 
1/200 


LMG6273XNFR 
- 
03 
640 x 200 
Black &. White 
265x90x8max. 
221.2x73 
0.33xO.33 
1/200 
anti-glare 


LMG6280XNGR 
- 
03 
640 x 200 
New gray 
270X 116x8max. 
217.2x96 
0.33xO.45 
1/200 


LMG6282XNFR 
- 
03 
640 x 200 
Black & White 
270x116x8max. 
217.2x96 
0.33xO.45 
1/200 


LMG8283XNFR 
- 
03 
640x2oo 
Black 8t White 
270x116x8max. 
217.2X96 
0.33XO.45 
1/200 
anti-glare 


LMG6111XTFR 
- 
03 
640 x 400 
Black &. White 
288x173x7.5max. 
223.17xl43.97 
0.33xO.33 
1/200 
anti-glere 


LMG6150XUFR 
- 
03 
640 x 480 
Black 
&. White 
272 x 178 x 9max. 
202.37x 152.77 
0.31 xO.31 
1/240 
anti-glare 


LMG6391 QHGE 
LMG6381QHGE 
01 
256x64 
New gray 
180X68x9.5max.04 
126.3x37 
0.47xO.47 
1/64 


LMG6411 PLGE 
LMG6401 PLGE 
01 
240x 128 
New 
gray 
159.4x 
101 x 9.5max. 04 
126x71 
0.50xO.50 
1/128 


LMG6251 ULGE 
- 
03 
480x128 
New gray 
270x 110x 11.5max. 
242x69 
0.48XO.48 
1/128 


LMG6271XNGE 
- 
03 
640x2oo 
New gray 
265 x 9Ox9max. 
221.2x73 
0.33xO.33 
1/200 


LMG6281XNGE 
- 
03 
640 x 200 
New gray 
270x116x9max. 
217.2x96 
0.33XO.45 
1/200 


LMG6171XT8E 
- 
03 
640 x 400 
Blue 
256 X 146 x 9max. 
197x125 
0.30xO.30 
1/200 
anti-glare 


LMG6173XTFE 
- 
03 
64Ox4oo 
Black 8t White 
256x146x9max. 
197 X 125 
0.30xO.30 
1/200 
anti-glare 


LMG6151XUFE 
- 
03 
640X480 
Black &. White 
272x178x9max. 
202.37x 
152 
0.31 xO.31 
1/240 
anti-glare 


LMG6221XUFE 
- 
03 
640x480 
Black 8t White 
260 x 160 x 9max. 
183x138.4 
0.28xO.28 
1/240 
anti-glare 


LM721X8NP 
- 
03 
320x2oo 
Yellow 
142 x 103 x 30max. 
113x77 
0.33xO.35 
1/200 


LMG6160XTFC 
- 
03 
640x4oo 
Black & White 
325x 191.6x26max. 
236x152 
0.36xO.36 
1/200 
anti-glare 


LMG1l371XT8C 
- 
03 
640 x 400 
Blue 
250x 145x 10.6max. 
196x124 
0.30xO.30 
1/200 
anti-glare 


LMG6471 XTFC 
- 
03 
640 x 400 
Black &. White 
250x 145x 10.6max. 
196x124 
0.30xO.30 
1/200 
anti-glar. 


LMG5040XUFC 
- 
03 
640X480 
Black & White 
256.5x 
160x lOmax. 
183x 137 
0.28xO.28 
1/242 
anti-glare 


LMG5060XUFC 
- 
03 
640X460 
Black 
& White 
250x 172x 10.5max. 
196x 150 
0.30xO.30 
1/240 
anti-glare 


LMG9050ZZFC 
- 
- 
1024x768 
Black &. White 
300 x 234 x 17max. 
231 x 175 
0.22xO.22 
1/387 
anti-glare 


LMG9040ZZFC 
- 
- 
1120X780 
Black &. White 
316x230x31max. 
236x 166 
0.205xO.205 1/390 
anti-glare 


R_,., 
__ 
V~ 


(~l 


"DD-Vas 
VIE-Vas - 


Opw-*og 
S__ 
- 
IIVI 
IVI 
~ 


T__ 
T___ 
Weight ...., 
_(on-chip) 
Type 


+5 
-12 
66 
1>-+40 
-20-+60 
120 
2 Doubte 
LC7940 /7941/7942 
LM258X8 


+5 
-9 
33 
0-+40 
-20-+60 
150 
2 Double 
LC7940 /7941/7942 
LM300XM 


+5 
-10.5 
250 
0-+40 
-20-+60 
150 
2 Double 
MSM5839/5238 
LM213X8 


+5 
-13 
90 
0-+40 
-20-+60 
160 
2 Double 
LC7940/7941/7942 
LMl.'639OQHGR 


+5 
-13 
90 
0-+40 
-20-+60 
160 
2 Double 
LC7940/7941/7942 
LMG6392QHFR 


+5 
-13.5 
210 
0-+40 
-20-+60 
220 
2 Double 
HD612oo/61203 
LM236X8 


+5 
-15 
90 
0-+40 
-20-+60 
160 
2 Double 
LC7940/7942 
LMG6410PLGR 


+5 
-15 
90 
0-+40 
-20-+60 
160 
2 Double 
LC7940/7942 
LMG6412PLFR 


+5 
-20 
76 
0-+40 
-20-+60 
265 
2 Double 
HD611D4/61105 
LM246X 


+5 
-10.5 
130 
0-+40 
-20-+60 
180 
2 Double 
MSM5839/5238 
LM211XB 


+5 
-13 
90 
0-+40 
-20-+60 
210 
2 Double 
LC7940/7942 
LM211XMC 


+5 
-13.5 
100 
0-+40 
-20-+60 
320. 
2 Double 
HD611oo/61103 
LM2115X8 


+5 
-13 
100 
0-+40 
-20-+60 
320 
2 Double 
LC7940/7942 
LMG6250ULGR 


+5 
-13 
100 
0-+40 
-20-+60 
320 
2 Double 
LC7940/7942 
LMG6252ULFR 


+5 
-19 
154 
0-+50 
-20-+60 
200 
2 Doub'e 
HD611D4/61105 
LM266XW 


+5 
-20.5 
180 
0-+40 
-20-+60 
290 
2 Double 
MSM5298/5299 
LM280X 


+5 
-22 
115 
0-+40 
-20-+60 
230 
2 Double 
MSM5298/5299 
LMG6270XNGR 


+5 
-22 
115 
0-+40 
-20-+60 
230 
2 Double 
MSM5298/5299 
LMG6272XNFR 


+5 
-22 
115 
0-+40 
-20-+60 
230 
2 Double 
MSM5298/5299 
LMG6273XNFR 


+5 
-22 
115 
0-+40 
-20-+60 
275 
2 Double 
MSM5298/5299 
LMG6280XNGR 


+5 
-22 
115 
0-+40 
-20-+60 
275 
2 Double 
MSM5298/5299 
-LMG6282XNFR 


+5 
-22 
115 
0-+40 
-20-+60 
275 
2 Double 
MSM5298/5299 
LMG6283XNFR 


+5 
-20.5 
200 
0-+40 
-20-+60 
420 
2 Double 
MSM5298/5299 
LMG6111XTFR 


+5 
-21.5 
200 
0-+40 
-20-+60 
420 
2 Double 
MSM5298/5299 
LMG6150XUFR 


+5 
-13 
90 
0-+40 
-20-+60 
190 
2 Double 
LC7940/7942 
LMG6391QHGE 
1000.6 


+5 
-15 
90 
0-+40 
-20-+60 
200 
2 Double 
LC7940/7942 
LMG6411PLGE 
1000"'6 


+5 
-13 
'00 
0-+40 
-20-+60 
380 
2 Double 
LC7940/7942 
LMG6251ULGE 
1600.6 


+5 
-22 
116 
0-+40 
-20-+60 
2BO 
2 Doubte 
MSM5298/5299 
LMG6271XNGE 
1600.6 


+5 
-22 
116 
0-+40 
-20-+60 
340 
2 Doubte 
MSM5298/5299 
LMG6281XNGE 
16001116 


+5 
-22 
200 
0-+40 
-20-+60 
360 
2 Double 
MSM5298/5299 
LMG6171XTBE 
.2000.5 


+5 
-22 
360 
0-+40 
-20-+60 
350 
2 Double 
MSM5298/5299 
LMG6173XTFE 
2000.5 


+5 
-22 
200 
0-+40 
-20-+60 
480 
2 Double 
MSM5298/5299 
LMG6151XUFE 
2000.6 


+5 
-22 
400 
0-+40 
-20-+60 
450 
2 Daub'e 
MSM5298/5299 
LMG6221XUFE 
2000.5 


+6 
-21·.6 
230 
1>-+40 
-21>-+60 
340 
2 Double 
MSM6298/6299 
LM721X8NP 
1000.6 


+5 
-20.5 
360 
+10-+40 
-20-+60 
960 
2 Double 
MSM5298/5299 
LMG6160XTFC 
6000*6 


+6 
-22 
380 
+10-+40 
-20-+60 
400 
2 Double 
MSM6298/5299 
LMG6371XT8C 
2000.6 


+5 
-22 
380 
+10-+40 
-20-+60 
400 
2 Double 
MSM6298/6299 
LMG6471XTFC 
2000.6 


+6 
-22 
400 
+5--40 
-10-+60 
430 
2 Double 
MSM6298/5299 
LMG5D40XUFC 
1800_6 


+5 
-20.6 
360 
+10-+40 
-20-+60 
460 
2 Double 
MSM6298/6299 
LMG6080XUFC 
2600.6 


+6 
+34 
'700 
+6-+40 
-10-+60 
1100 
2 Double 
HD66107T 
LMG9050ZZFC 
6000*6 


+6 
+38 
'700 
+6-+40 
-10-+60 
1400 
3 Double 
HD66107T 
LMG9D40ZZFC 
(+12)*7 
6000 


Note: Contoller LSI 
.1: 
HD61830 
*2: 
HD63645F/64646F 
.3: 
H066841 
*4; 
External-typecontoller maximum thicknessis 9.0 mm. 


.•.5: ELpower consumption 
.•.6: CFL power consumption 
*7: 
VFC-VSS 


E_ 
a-- 
_.•_- 


_Size 
Module Size 
_ 
Size 
0_ 
Voltage 


Type 
(Chef'.x L••••I 
Color 
wxhxt(mm) 
wxh(mml 
wxh(mm) 
Duty Cy•••• 
Vlm-Vss 
(VI 


LM054 
8xl 
Gray 
88x44x12max. 
61 x15.8 
6.45X9.4 
1/8 
+5 


LM015 
16xl 
Gray 
80x36x12max. 
64.5xI3.8 
3.15X5.5 
1/8 
+5 


H2570 
16xl 
Gray 
80x36x12max. 
64.5x 13.8 
3.15X7.9 
1/11 
+5 


LM020L 
16xl 
Gray 
80x36x12max. 
64.5xI3.8 
3.07x5.73 
1/16 
+5 


LM020XMBL 
16xl 
New 
gray 
8Ox36x12max. 
64.5xI3.8 
3.07x5.73 
1/16 
+5 


LM070L 
20xl 
Gray 
105x39.0xl1max. 
84.0x 13.0 
3.2x5.2 
1/8 
+5 


LM038 
20xl 
Gray 
182x35.5xI3max. 
154.0XI5.3 
6.7X9.4 
1/8 
+5 


LM027 
24xl 
Gray 
126x36x12max. 
l00X 13.6 
3.15x7.9 
1/11 
+5 


H2571 
32xl 
Gray 
174.5x33x 
13.4max. 
132.5x14 
3.15x7.9 
1/11 
+5 


H2572 
40Xl 
Gray 
182x35.5xI3max. 
154.0XI5.3 
3.15x7.9 
1/11 
+5 


LM058 
40xl 
Gray 
290x60x13max. 
245x19 
4.82x8.18 
1/8 
+5 


LM052L 
16x2 
Gray 
80x36xllmax. 
64.5x 13.8 
2.95x3.8 
1/16 
+5 


LM016L 
16x2 
Gray 
84x44xI2max. 
61 x15.8 
2.96x4.86 
1/16 
+5 


LM016XMBL 
16x2 
New 
gray 
84x44x 
12max. 
61 X15.8 
2.96X4.86 
1/16 
+5 


LM032L 
20x2 
Gray 
116x39x13max. 
83x18.6 
3.2x4.85 
1/16 
+5 


LM032XMBL 
20x2 
New gray 
116x37xl0.5max. 
83x18.6 
3.2x4.85 
1/16 
+5 


LM060L 
24x2 
Gray 
116x39x13max. 
83x 1B.6 
2.7x4.85 
1/16 
+5 


LM017L 
32x2 
Gray 
174.5 x33x 13.4max. 
141.19xI6.75 
3.45x4.B5 
1/16 
+5 


LM01BL 
40x2 
Gray 
lB2x35.5xI3max. 
154x15.3 
3.2x4.85 
1/16 
+5 


LM01BXMBL 
40x2 
New 
gray 
lB2x35.5xI3max. 
154x15.5 
3.2x4.85 
1/16 
+5 


LM041L 
16x4 
Gray 
87x60x12max. 
61.8x25.2 
2.95X4.15 
1/16 
+5 


LM044L 
20x4 
Gray 
98x60x12max. 
76x25.2 
2.95x4.15 
1/16 
+5 


LM087LN 
16xl 
Gray 
90x36x 
14max. 
64.5xI3.8 
3.07x6.56 
1/16 
+5. (+51 


LMOB6ALN 
16x2 
Gray 
90x36x14mex. 
64.5xI3.8 
2.95X3.8 
1/16 
+5. (-) 


LM093LN 
16x2 
Gray 
90x44x 
13.8max. 
61.0X 15.3 
2.96x4.86 
1/16 
+5. (+5) 


LM091LN 
20x2 
Gray 
126x39x 
14max. 
83x18.6 
3.2x4.85 
1/16 
+5. (+51 


LM092LN 
40x2 
Gray 
192x35.6x14max. 
154X15.3 
3.2x4.85 
1/16 
+5. (+5) 


- 
e-.mptIon 
ap..tIng 
T__ 
S__ 
T__ 
Weight 
e:- 
(_-chip) 
Type 


10 
0-+50 
-20-+70 
35 
HD44780 
LM054 


10 
0-+50 
-20-+70 
25 
HD44780 
LM015 


10 
0-+50 
-20-+70 
25 
HD44780 
H2570 


10 
0-+50 
-20-+70 
25 
HD44780 
LM020L 


10 
0-+50 
-20-+70 
25 
HD44780 
LM020XM8L 


10 
0-+50 
-20-+70 
40 
HD44780 
LM070L 


25 
0-+50 
-20-+70 
65 
HD44780 
LM038 


10 
0-+50 
-20-+70 
40 
HD44780 
LM027 


10 
0-+50 
-20-+70 
60 
HD44780 
H2571 


10 
0-+50 
-20-+70 
65 
HD44780 
H2572 


15 
0-+50 
-20-+70 
150 
HD44780 
LM058 


15 
0-+50 
-20-+70 
25 
HD44780 
LM052L 


15 
0-+50 
-20-+70 
35 
HD44780 
LM016L 


15 
0-+40 
-20-+60 
35 
HD44780 
LM016XM8L 


15 
0-+50 
-20-+70 
50 
HD44780 
LM032L 


15 
0-+40 
-20-+60 
50 
HD44780 
LM032XM8L 


15 
0-+50 
-20-+70 
60 
HD44780 
LM060l 


15 
0-+50 
-20-+70 
60 
HD44780 
LM017L 


15 
0-+50 
-20-+70 
65 
HD44780 
LM018L 


15 
0-+50 
-20-+70 
65 
HD44780 
LM018XM8L 


15 
0-+50 
-20-+70 
60 
HD44780 
LM041L 


17.5 
0-+50 
-20-+70 
65 
HD44780 
LM044L 


155 
0-+50 
-20-+70 
40 
HD44780 
LM087LN 


150 
0-+50 
-20-+70 
40 
HD44780 
LM086ALN 


405 
0-+50 
-20-+70 
50 
HD44780 
LM093LN 


555 
0-+50 
-20-+70 
70 
HD44780 
LM091LN 


855 
0-+50 
-20-+70 
100 
HD44780 
LM092LN 


] 
1.05 
I LM039 


HITACHI® 


~ 
HITACHI AMERICA, 
LTD. 


Semiconductor 
& I.C. Division 


San Francisco 
Center 
2000 Sierra Point Parkway 
Brisbane, 
CA 94005-1835 
(415) 589--a300 


Engineering 
Facility 


Hitachi 
Micro 
Systems, 
Inc. 
179 East Tasman 
Drive 
San Jose, 
CA 95134 


Northeast 
Region 


Hitachi 
America, 
Ltd. 
77 South 
Bedford 
Street 
Burlington, 
MA 01803 
(617) 229-2150 


Southeast 
Region 


. Hitachi 
America, 
Ltd. 


5511 Capital 
Center 
Drive 
Suite 204 
Raleigh, 
NC 27606 
(919) 233-0800 


North Central 
Region 


Hitachi 
America, 
Ltd. 


500 Park Boulevard 
Suite 415 
Itasca,lL 
60143 


(708) 773-4864 


South Central 
Region 


Hitachi 
America, 
Ltd. 


Two Lincoln 
Centre 
5420 LBJ Freeway 
Dallas, TX 75240 
(214) 991-4510 


Southwest 
Region 
Hitachi 
America, 
Ltd. 


2030 
Main Street 
Suite 450 
Irvine, CA 92714 
(714) 553-8500 


Northwest 
Region 


Hitachi 
America, 
Ltd. 


1740 Technology 
Drive 
Suite 500 
San Jose, 
CA 95110 
(408) 451-9570 


Mountain 
Pacific Region 


Hitachi 
America, 
Ltd. 


Metropoint 
4600 S. Ulster Street 
Suite 690 
Denver, CO 80237 
(303) 779-5535 


IBM Region 


Hitachi 
America, 
Ltd. 
21 Old Main Street 
Suite 
104 
Fishkill, 
NY 12524 
(914) 897-3000 


Automotive 
Region 


Hitachi 
America, 
Ltd. 


290 Town Center 
Drive 
Suite 311 
Dearborn, 
MI48126 
(313) 271-4410 


Cronin 
Electronics, 
Inc. 
• 
ITT Multicomponents-Canada 


Marsh 
Electronics, 
Inc. 
• 
Marshall 
Industries 


Milgray 
Electronics, 
Inc. 
• 
Reptron 
Electronics 


Sterling 
Electronics 
• 
Vantage 
Components 
Inc. 


Western 
Micro Technology 


Manufacturing 
Facility 


Hitachi 
Semiconductor 
(America) 
Inc. 


6321 Longhorn 
Drive 
Irving, TX 75063-2712 


Florida 


Hitachi 
America, 
Ltd. 


4901 
NW. 
17th Way 
Suite 302 
Fort Lauderdale, 
FL 33309 
(305) 491-6154 


Mid-Atlantic 


Hitachi 
America, 
Ltd. 


325 Columbia 
Turnpike 
Suite 203 
Florham 
Park, NJ 07932 
(201) 514-2100 


Minnesota 
Hitachi 
America, 
Ltd. 


3800 W. 80th Street 
Suite 
1050 
Bloomington, 
MN 55431 
(612) 896-3444 


Texas 
Hitachi 
America, 
Ltd. 
10777 Westheimer 
Drive 
Suite 
1040 
Houston, 
TX 77042 
(713) 974-0534 


Hitachi 
America, 
Ltd . 
9600 Great 
Hills Trail 
Suite 
150W 
Austin, 
TX 78759 
(512) 502-3033 


Canada 


Hitachi 
(Canadian) 
Ltd. 
320 March 
Road 
Suite 602 
Kanata, 
Ontario, 


Canada 
K2K2E3 
(613) 591-1990 


Electri-Rep 
• Electronic Sales & Engineering 
• EIR, Inc. 


M. Gottlieb Associates, Inc.• 
Jay Marketing Associates 
Longman Sales, Inc.• 
Mycros Electronica 
• The Novus Group, Inc. 


Parker-webster 
Company 
• QuadRep Inc.• 
QuadReplCrown, 
Inc. 


QuadRep Southern, Inc.• 
Robert Electronic Sales 
Strategic sales, Inc. • Sumer Inc. • System Sales of Arizona 
System Sales of New Mexico 
• Technology Sales, Inc. 
TekRep, Inc.• 
Thompson & Associates, Inc.• 
West Associates 


was Tech Associates 


Locus 
• 
Indiana 
Microelectronics 
Center. 
Digital 
Equipment 
Corporation 
• 
Micral 
• 
Intronics 


e Printed 
on recycled 
paper. 


